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PREFACE  TO  REVISED  EDmOK 


<■» 


This  book  originallj  appeared  in  two  yolmnefl, 
*^Thb  Histobt  Ajsm  Budimentb  of  Asohitbotdsb,'' 
and  ^^  BiTDiKEErrs  of  the  Art  of  Bunj>iNG."  What- 
ever errors  thej  may  have  contained  have  been 
corrected  in  this  '^  Bevised  Edition,"  and  mnch  new 
matter  and  many  new  engravings  have  been  added. 
The  book  is  now  nniform  with  ^^Thb  A^CESiOAif 

COTTAOB  BunJ)EB." 

We  have  dealt  freely  with  our  anthers — cor- 
recting where  they  mistook — extending  where  we 
thought  they  were  not  clear— curtailing  where  we 
imagined  they  were  too  profuse  in  their  remarks — 
and  rejecting  those  illustrations  and  allusions  which 
possess  no  interest  to  the  American  reader. 

In  the  various  departments,  we  have  made  free 
use  of  Wealb's  Series,  copying  from  it  such  informsr 
tion  as  seemed  appropriate  and  valuable,  sometimes 
using  the  very  words,  and  at  others  simply  con- 
densing its  information. 


PBBFACE. 

It  was  not  without  much  hesitation  that  we  re- 
tained the  algebraic  signs  made  use  of  io  the  book, 
especially  in  Section  L ;  but  those  readers  who  do 
not  understand  them  may  safely  omit  them  without 
losing  the  substance  of  the  work,  while  those  to 
whom  they  are  familiar  will  find  them  valuable. 

It  must  not  be  forgotten  that  the  book  on  Archi- 
tecture is  a  "Rudimentary"  Treatise,  and  all  that  it 
promises  is  to  introduce  the  reader  into  the  porch 
of  the  temple  of  Artistic  Science,  doubting  not 
that  he  will  be  so  pleased  and  instructed  that  he 
will  go  in  the  Temple,  even  to  the  somdum  sanc- 
torum— ^the  holy  of  holies. 

The  book  on  Building  is  edited  from  Dobson,  and 
is  intended  as  a  "  First  Book  on  the  Art  of  Building, 
designed  for  the  use  of  young  persons  who  are  about 
to  commence  their  professional  training  for  any 
pursuit  connected  with  the  erection  of  Buildings; 
and  also  for  the  use  of  amateurs  who  wish  to  obtain 
a  general  knowledge  of  the  subject  without  devoting 
to  it  the  time  requisite  for  the  study  of  the  larger 
works  that  have  been  written  on  the  different 
branches  of  construction." 

JOHN  BULLOOK,  Mitar. 
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BOOK  I. 
THE     0EDEE8. 

In  its  arcliitectaral  meaning,  the  term  order  refers  to 
the  system  of  colomniation  practised  by  the  Greeks  and 
Romans,  and  is  employed  to  denote  the  columns  and 
entablature  together ;  in  other  words,  both  the  upright 
supporting  pillars  and  the  horizontal  beams  and  roof,  or 
trabeation,  supported  by  them.  These  two  divisions,  com- 
bined, constitute  an  Order ;  and  so  far  all  Orders  are  alike, 
and  might  accordingly  be  reduced  to  a  single  one,  although 
for  conyenience  they  are  divided  into  ^ve  leading  classes 
or  families,  distinguished  as  the  Doric,  Tuscan,  Ionic, 
Corinthian,  and  Composite. 

It  would  be  a  mistake  to  suppose  that  inasmuch  as  the 
Orders  are  divided  into  five  classes,  there  is  for  each  of 
them  one  fixed,  uniform  character ;  for  such  a  belief  has 
led  to  a  mechanical  treatment  of  the  respective  Orders 
themselves,  nothing  being  left  for  the  Architect  to  do,  so 
far  as  the  Order  which  he  employs  is  concerned,  but 
merely  to  follow  the  example  which  he  has  selected ;  in 
other  words,  merely  to  copy,  instead  of  designing. 

Each  leading  class  is  distinct  from  the  others,  yet  com- 
prises many  varieties  or  species,  which,  however  much  they 
may  differ  with  respect  to  minor  considerations,  all  evi- 
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dentlj  belong  to  one  and  the  same  style,  which  we  call  Order. 
We  have  now  to  consider  their  constituent  parts,  that  is, 
those  which  apply  to  every  order  alike.  Hitherto  it  has 
been  usual  with  most  writers,  to  treat  of  an  Order  as  con- 
sisting of  three  principal  parts  or  diyisions,  viz.,  pedestal, 
column,  and  entablature.  The  first  of  these,  however,  can- 
not by  any  means  be  regarded  as  an  integral  part  of  an 
Order.  So  far  from  being  an  essential,  it  is  only  an  acd- 
devfal  one, — one,  moreover,  of  Roman  invention,  and  appli- 
cable only  under  particular  circumstances.  The  pedestal 
no  more  belongs  to  an  Order  than  an  attic  or  podium  placed 
above  the  entablature.  In  the  idea  of  an  Order  we  do  not 
include  what  is  extraneous  to  the  Order  itself;  it  makes  no 
difference  whether  the  columns  stand  immediately  upon  the 
ground  or  floor,  or  are  raised  above  it.  They  almost  invari- 
ably are  so  raised,  because,  were  the  colunms  to  stand  im- 
mediately upon  the  ground  or  a  mere  pavement,  the  effect 
would  be  comparatively  mean  and  unsatisfactory ;  the  edifice 
would  hardly  seem  to  stand  firmly,  and,  for  want  of  apparent 
footing,  would  look  as  if  it  had  sunk  in  the  ground,  or  the 
soil  had  accumulated  around  it.  With  the  view,  therefore, 
of  increasing  height  for  the  whole  structure,  and  otherwise 
enhancing  its  effect,  the  Greeks  placed  their  temples  upon  a 
bold  substructure,  composed*  of  gradim,  or  deep  steps,  or 
upon  some  sort  of  continuous  stylohaU;  either  of  which  modes 
is  altogether  different  from,  and  affords  no  preoBdent  for,  the 
pedestal  of  modern  writers.  Essential  as  some  form  of  sty- 
lobate  is  to  the  edifice  itself,  it  does  not  properly  belong  to 
it,  any  more  than  that  equally  essential — in  fact,  more  indich 
pensable  part — ^the  roof. 

The  pedestal  being  discarded  as  something  apart  from  the 
Order  itself,  the  latter  is  reduced  to  the  two  grand  divisions 
of  COLUMN  and  entablature,  each  of  which  is  subdivided  in- 
to three  distinct  parts  or  members,  viz.,  the  coluicn,  into 
base,  shaft,  and  capital;  the  entablatubk,  into  architrave, 
frieze,  and  ayrnice;  so  that  the  latter  is  to  the  entablature 
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what  the  capital  is  to  the  column,  namelj,  its  erowning  mem- 
ber— ^that  which  completes  it  to  the  eje.  Tet,  although  the 
abore  diTisions  of  column  and  entablature  hold  good  with  re* 
gard  to  the  general  idea  of  an  order,  the  primitire  Greek  or 
Doric  one  does  not  answer  to  what  has  jost  been  said,  inas- 
much as  it  has  no  base — ^that  is,  no  monldings  which  distinctly 
mark  the  foot  of  the  column  as  a  separate  and  ornamented 
member.  Hence,  it  will,  peihape,  be  thought  that  this  Order 
is  not  so  complete  as  the  others,  since  it  wants  that  member 
*below  which  corresponds  with  the  capital  above.  Still,  the 
Orecian  Doric  is  complete  in  itself— it  needs  no  base:  in  feet, 
does  not  admit  of  such  addition,  without  forfeiting  much  of 
Its  {Nresent  character,  and  thus  becoming  something  diiferent. 
Were  there  a  distinct  base,  the  mouldings  composing  it  could 
not  rerj  well  exceed  what  is  now  the  lower  diameter  or  ac- 
tual foot  of  the  column;  because,  were  it  to  do  so,  either  the 
base  would  become  too  bulkj,  in  proportion  to  the  capital, 
or  the  latter  must  be  increased,  so  as  to  make  it  correspond  in 
rize  with  the  enlarged  lower  extremity.  Even  then,  that 
closeness  of  intercoliimmatian{spBcing  of  columns)  which  con- 
tributes so  much  to  the  majestic  solidity  that  characterizes 
the  genuine  Doric,  could  not  be  obserred:  unless  the  columns 
were  put  considerably  fhrther  apart,  the  bases  would  scarcely 
allow  sufficient  passage  between  them.  The  only  way  of 
escaping  from  these  objections  and  difficulties,  is  by  making 
the  shaft  of  the  column  considerably  more  slender;  so  that 
what  was  before  the  measure  of  the  lower  diameter  of  the 
ihaft  itself,  becomes  that  of  the  base.  That  can  be  done — 
has  been  done — at  least  something  like  it;  but  the  result  is 
an  attenuated  Roman  or  Italian  Doric,  differing  altogether 
in  proportions  from  the  original  type,  or  order.  The  shaft 
no  longer  tapers  Tisibly  upwards,  or,  what  is  the  same  thing, 
expands  below. 

Before  we  come  to  speak  of  the  orders  severally  and  more 
in  detail,  there  are  some  matters  which  require  to  be  noticed; 
one  of  which  is  the  origin  of  the  Greek  system  of  columnation. 
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or  the  prototype  apon  which  it  was  modelled.  FoUowing 
YitraTiafi,  nearly  all  writers  have  agreed  to  recognize  in  the 
colomnar  style  of  the  ancients  the  primitiye  timber  hat,  as 
famishing  the  first  hints  for,  and  rndiments  of,  it.  Snch 
theory,  it  mast  be  admitted,  is  safficiently  plausible,  if  only 
because  it  can  account  yery  clererly  for  many  minor  circum- 
stances. Unfortunately,  it  does  not  account  at  all  for,  or 
rather  is  in  strong  contradiction  to,  the  character  of  the 
earliest  extant  monuments  of  Greek  architecture.  Timber 
construction  would  hare  led  to  rery  different  proportions,  and ' 
different  tastes.  Had  the  prototype  or  model  been  of  that 
material,  slenderness  and  lightness,  rather  than  ponderosity 
and  solidity,  would  have  been  aimed  at;  and  the  progressive 
changes  in  the  character  of  the  Orders  woald  have  been  re*- 
Tersed,  since  the  earliest  of  them  all  would  also  have  been  the 
lightest  of  them  all.  The  principles  of  stone  construction  have 
so  evidently  dictated  and  determined  the  forms  and  propor- 
tions of  the  original  Doric  style,  as  to  render  the  idea  of  its 
being  fashioned  upon  a  model  in  the  other  material  little 
better  than  an  absurd,  thoagh  time-honored  fiction.  Infi- 
nitely more  probable  is  it,  that  the  Greeks  derived  their 
system  of  architecture  from  the  Egyptians  ;  because,  much 
as  it  differs  from  that  of  the  latter  people  with  regard  to 
taste  and  matters  of  ornamentation,  it  partakes  very  largely 
of  the  same  constitutional  character.  At  any  rate,  the  doc- 
trine of  the  timber  origin  applies  as  well  to  the  Egyptian  as 
to  the  Hellenic  or  Grecian  style.  Indeed,  if  there  be  any- 
thing at  all  that  favors  sach  doctrine,  it  is,  that  construction 
with  blocks  of  stone  would  naturally  have  suggested  square 
pillars,  instead  of  round  ones;  the  latter  requiring  much 
greater  labor  and  skill  to  prepare  them  than  the  others. 
But,  as  their  pyramids  and  obelisks  sufficiently  testify,  the 
most  prodigal  expenditure  of  labor  was  not  at  all  regarded 
by  the  Egyptians.  That,  it  will  perhaps  be  said,  does  not 
account  for  the  adoption  of  the  circular  or  cylindrical  form 
for  columns.  We  have  therefore  to  look  for  some  sufficiently 


probable  motiTe  for  the  adoption  of  that  form;  and  w«  think 
we  find  it  in  conyenience.  In  order  to  afford  dne  sapport 
to  the  maasive  blocks  of  stones  placed  npon  them,  the 
colnmna  were  not  only  yery  balky  in  proportion  to  their 
lengthy  bat  were  placed  so  closely  together,  not  only  in  the 
fronts  of.  porticos,  bat  also  within  them,  that  they  would 
scarcely  have  left  any  open  space.  Such  inconvenience  was 
accwdingly  remedied  by  making  the  pillars  roand  instead  of 
square.  Should  snch  conjectural  reason  for  the  adoption  of 
circular  columns  be  rejected,  it  is  left  to  others  to  propound 
a  more  satisfactory  one,  or  to  abide,  as  many  probably  will 
do,  by  the  old  notion  of  columns  being  so  shaped  in  order  to 
unitate  the  stems  of  trees.  It  is  enough  that  whatever 
accounts  for  the  columns  being  round  in  Egyptian  architec- 
ture, accounts  also  for  their  being  the  same  in  that  of  the 
Oreeks. 

Among  other  fanciful  notions  entertained  with  regard  to 
columns  and  their  proportions,  is  that  of  the  different  orders 
of  columns  being  proportioned  in  accordance  with  the  human 
figure.  Thus  the  Doric  is  said  to  represent  a  robust  male 
figure,  and  those  of  the  Ionic  and  Corinthian,  female  ones, 
— ^the  Ionic,  a  matron;  the  Corinthian,  a  less  portly  speci- 
men of  feminality.  Now,  so  far  from  there  being  any  gen- 
eral similitude  between  a  Grecian  Doric  column  and  a  ro- 
bust man,  their  proportions  are  directly  opposite, — the 
greater  diameter  of  the  column  being  at  its  foot,  while  that 
of  the  man  is  at  his  shoulders.  The  one  tapers  upwards^  the 
other  dowmoards.  If  the  human  figure  and  its  proportions 
had  been  considered,  columns  would,  in  conformity  with  such 
type,  have  been  wider  at  the  top  of  their  shafts  than  below, 
and  would  have  assumed  the  shape  of  a  terminus  of  a  mummy 
chest.  With  regard  to  the  other  orders  mentioned,  it  is 
sufficient  to  observe,  that  if  so  borrowed  at  all,  the  idea 
must  have  been  preposterous.  We  happen  to  have  a  well 
known  example  of  statues  or  human  figures,  and  those,  more- 
over, female  ones,  being  substituted  for  columns  beneath  an 
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entablature;  and  bo  &r  are  they  from  coniirmmg  tiie  pre- 
tended  analogy  between  the  Ionic  colnmn  and  the  propoR 
tions  of  a  female,  that  they  decidedly  contradict  it,  those 
figures  being  greatly  bulkier  in  their  general  mass  than  the 
bulkiest  and  stoutest  columns  of  the  Doric  Order.  At  any 
rate,  one  hypothesis  might  satisfy  those  who  will  not  be  sat- 
isfied without  some  fancy  of  the  kind,  because  two  together 
do  not  agree;  if  columns  originated  in  the  imitation  of  stems 
of  trees,  we  can  dispense  with  the  imitation  of  men  and  women, 
and  vice  versa. 

Some  may  think  it  scarcely  worth  while  to  notice  such 
fiincies,  yet  they  are  a  part  of  architecture  as  generally  taught 
and  usually  understood,  at  least,  in  this  country. 

We  do  not  pretend  to  explain  and  trace,  step  by  step,  the 
progress  of  the  Doric  Order,  and  of  the  column  or  system  of 
the  Greeks,  from  their  first  rudiments  and  formation.  We 
have  only  the  results  of  such  progressive  formation  or  devel- 
opement;  of  the  actual  formation  itself  we  neither  know  nor 
can  we  know  anything.  The  utmost  that  can  now  be  done 
is  to  take  the  results  themselves,  and  from  them  reason  back- 
wards to  causes  and  motives.  Adopting  such  a  course,  we 
may  first  observe,  that  there  is  a  very  striking  and  charac- 
teristic difference  between  Egyptian  and  Grecian  taste  and 
practice  in  one  respect:  in  the  former  style  the  columns  are 
invariably  cylindrical,  or  nearly  so, — in  the  other  they  are 
conical,  that  is,  taper  upwards,  and  in  some  instances  so  much 
so,  that  were  they  prolonged  to  double  their  height,  they 
would  be  almost  perfect  cones,  and  terminate  like  a  spire. 
This  tapering  greatly  exceeds  that  of  the  stems  of  trees, 
taking  f^om  their  stem  the  trunk,  from  above  which  the 
branches  begin  to  shoot  out.  It  appears  to  have  been  adopted 
for  purely  artistic  reasons,  certainly  not  for  the  sake  of  any 
positive  advantage,  since  the  diminution  of  the  shaft,  and  the 
great  contraction  of  the  diameter  just  below  the  capital, 
must  rather  decrease  than  at  all  add  to  the  strength  of  the 
column. 
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What  then  are  the  artistic  qnaMtiefl  bo  obtained  ?  We 
reply, — Tarietj  and  contrast  and  the  expression  of  strength 
without  offensiTe  heayinees.  The  sndden  or  rerj  perceptible 
diminntion  of  the  8haft,*-4t  must  be  borne  in  mind  that  onr 
remarks  refer  ezclnsiydj  to  the  original  Greek  Style  or 
Doric  Order, — ^produces  a  double  effect ;  it  giTes  the  colnma 
an  expression  of  greater  stability  than  it  otherwise  wonld, 
combined  with  comparative  lightness.  What  is  dindnuHon 
npwards,  is  erpansion  downwards  ;  and  similar  difference 
and  contrast  take  place  with  respect  to  the  intercolnmns, 
although  in  a  reverse  manner,  snch  intercolnmns  being  wider 
at  top  than  at  bottom.  So  far  the  jnindple  of  contrast  here 
may  be  said  to  be  two-fold,  although  one  of  the  two  sorts 
cH  contrast  inevitably  results  from  the  other.  Were  it  not 
for  the  great  diminution  of  the  shaft,  the  columns  would 
appear  to  be  too  closely  put  together,  and  the  intercolnmns 
much  too  narrow — ^that  is,  according  at  least,  to  the  mode  of 
intercolnmniation  practised  by  the  Greeks  in  most  of  their 
structures  in  the  Doric  Style  ;  whereas  such  offensive  appear- 
ance was  avoided  by  the  shaft  being  made  considerably 
smaller  at  the  top  than  at  the  bottom, — consequently  the 
intercolnmns  wider  above  than  below,  in  the  same  ratio  ;  so 
that  columns  which  at  their  bases  were. little  more  than  one 
diameter  apart,  became  more  than  two — that  is,  two  upper 
diameters  apart  at  the  top  of  their  shafts,  or  the  neckings 
of  their  capitals.  In  this  style  everything  was  calculated  to 
produce  a  character  of  majestic  simplicity, — varymg,  how- 
ever, or  rather  progressing,  from  heavmess  and  stem  severity 
to  comparative  lightness  of  proportions, — ^for  examples  diffier 
greatly  in  this  respect :  in  some  of  the  earlier  ones  the 
columns  are  not  more  than  four  diameters  in  height,  while  in 
some  of  the  later  they  are  upwards  of  six,  which  last  men- 
tioned proportions  not  only  amount  to  slendemess,  but  also 
destroy  others.  The  capital  itself  may  be  proportioned  the 
same  as  before  relatively  to  the  diameter  of  the  column,  but 
it  cannot  possibly  bear  the  same  ratio  as  before  to  its  height 
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The  average  proportions  for  that  member  are  one  diameter 
for  its  width  at  its  abacnS;  and  half  a  diameter  for  its  depth  ; 
consequently,  if  the  entire  colmnn  be  only  four  diameters  in 
height,  the  capital  is  one^ighth  of  it,  or  equal  to  one-seTenth 
of  the  shaft ;  whereas,  if  the  colmnn  be  six  or  more  diame- 
ters, the  capital  becomes  only  one-twelfth  of  the  column,  or 
even  less,  so  that  the  latter  appears  thin  and  attenuated,  and 
the  other  member  too  small  and  insignificant.  Yet  thoi^h 
the  original  Greek  Order  or  style  exhibits  considerable  diver- 
sity with  respect  to  mere  proportions,  it  was  otherwise  very 
limited  in  its  powers  of  expression,  and  moreover  something 
quite  distinct  from  the  nominal  Doric  of  the  Romans  and 
Italians,  as  will  be  evident  when  we  compare  the  latter  with  it 
Before  we  enter  upon  this  part  of  our  subject,  and  pre- 
vious to  an  examination  of  the  details  of  the  several  orders, 
it  should  be  observed  that  the  diameter,  that  is  the  lower 
diameter  of  the  column,  is  the  standard  by  which  all  the 
other  parts  and  members  of  an  order  are  measured.  The 
diameter  is  divided  into  60  mntUes^  or  into  two  halves  or 
modules  of  30  minutes  each  ;  and  those  minutes  are  again 
subdivided  into  parts  or  seconds  when  extreme  accuracy  of 
measurement  is  required  ;  which  two  last  are  noticed  :  4'. 
IOd,  for  instance,  meaning  four  minutes  and  ten  seconds. 
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DORIC    ORDER. 

It  has  been  already 
observed,  that  in  the 
genuine  Doric  the  col- 
nmn  consists  of  one  shaft 
and  capital,  which  latter 
is  composed   of  merely 
an  echinus  and  abaaiSyihe 
first  being  a  circular  con- 
vex moulding,  spreading 
oat  beneath   the  other 
member,  which,althongh 
a  very  important  one,  is 
no  more    than    a  plain 
and  shallow  sqaare  block 
npon    which  the   archi- 
trave rests,  not  only  firm- 
ly and  safely,  but  so  that 
the  utmost  expression  of 
security  is  obtained,  and 
pronounced  emphatically 
to  the  eye.    Such  expres- 
sion arises  from  the  aba- 
cus being  larger  than  the 
soffUj  or  under  surface  of 
the    architrave     itself ; 
and  as  the  former  corres- 
ponds, or  nearly  so,  with 
the  lower   diameter  of 
the  shaft,  it  serves    to 
make  evident  at  a  glance 
that  the  foot  of  the  col- 
umn is  greater  than  the 
soifit    of  the  architrave 
placed  upon  the  columns 


CjnuitiQiii 
FUlAt 


Thus,  as  measured  at  either   extremity,  the  column  is 
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greater  than  the  depth  or  thickness  of  the  architrave, 
and  projects  beyond  the  architrave  and  general  plane  of  the 
entablatnore.  Now  this  would  produce  a  most  unsightly  effect 
were  the  columns  of  the  same  or  nearly  the  same  diameter 
throughout.  In  such  case  they  would  appear  not  only  too 
large,  but  most  clumsily  so,  and  the  entablature  would  have 
the  look  of  being  set  back  in  the  most  awkward  and  most 
unaccountable  manner.  Instead  of  which,  the  architrave, 
and  consequently  the  general  plane  of  the  whole  entablature, 
actually  overhangs  the  upper  part  of  the  whole  shaft,  in  a 
plane  about  midway  between  the  smallest  diameter  of  the 
column,  just  below  the  capital  and  the  face  of  the  abacus. 
Even  this,  the  overhanging  of  the  entablature,  would  be  not 
a  little  offensive  to  the  eye,  were  the  abacus  no  larger  than 
the  architrave  is  deep;  whereas,  being  larger,  it  projects 
forward  farther  than  the  face  of  the  architrave,  thereby  pro- 
ducing a  powerful  degree  of  one  species  of  artistic  effect, 
namely,  contrast,— and  if  contrast,  of  variety  also;  for 
though  there  may  be  variety  without  contrast,  there  cannot 
be  contrast  without  variety.  Another  circumstance  to  be 
considered  is,  that  were  not  such  projection  beyond  the  face 
of  the  architrave  given  to  the  abacus,  that  and  the  rest  of 
the  capital  could  not  correspond  with  the  foot  of  the  shaft, 
and  thus  equalize  the  two  extremities  of  the  entire  column. 
As  now  managed,  all  contradictions  are  reconciled,  and  the 
different  sorts  of  contrast  are  made  to  contribute  to  and 
greatly  enhance  general  harmony.  In  the  outline  of  the 
column  we  perceive,  first  contraction, — then  expansion,  and 
that  in  both  directions, — ^for  in  like  manner  as  the  column 
diminishes  upwards  and  the  capital  expands  from  it,  its 
shaft  may  be  said  to  expand  and  increase  in  bulk  down- 
wards, so  as  to  agree  with  the  abacus  or  upper  extremity. 

The  Doric  column  was  generally /«t^ed — that  is,  cut  into  a 
series  of  ridges  upon  its  surfaces.  The  generally-received 
theory  is,  that  this  fluting  represents  cracks  or  crevices  in 
the  stems  of  trees,  or  from  the  streaking  of  rain  on  the  shafts 
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of  columns.  It  is  unnecessarj  to  discnss  tbe  trath  or  falsity 
of  that  theory.  It  is  sufficient  that  there  are  good  artistic 
reasons  why  it  should  be  so:  with  the  same,  or  very  nearly 
the  same  solidity  as  before,  it  causes  the  columns  to  appear 
much  less  heavy  than  it  otherwise  would  do,  and  contributes 
to  a  pleasing  diversity  of  light  and  shade.  Being  upon  a 
eurved  surface,  the  channels  serve  to  render  the  circularity 
of  the  columns  more  apparent,  since,  though  they  are  aU 
of  the  same  width,  they  show  narrower  and  narrower  to  the 
eye  on  each  side  of  the  centre  one,  no  matter  in  what  direc- 
tion the  column  is  viewed.  Here,  then,  we  have  variety, 
combined  with  uniformity,  and  a  certain  apparent  or  optical 
irregularity,  with  what  we  know  to  be  perfect  regularity. 

In  the  Doric  Order  the  number  of  channels  is  either  sixteen 
or  twenty,  afterwards  increased  in  the  other  Orders  to  twenty- 
four,  for  they  are  invariably  of  an  even  number,  capable  of 
being  divided  by  four,  so  that  there  shall  always  be  a  centre 
flute  on  each  side  of  the  column,  that  is,  in  a  line  with  the 
middle  of  each  side  of  the  abacus.  Doric  flutings  are  much 
broader  and  shallower  than  those  of  the  other  Orders.  The 
mode  of  fluting  Doric  columns  with  mere  arriso  between  the 
channels,  instead  of  fillets,  has  been  retained  by  the  modems, 
as  characteristic  of  the  order.  On  the  original  Doric,  almost 
every  part  is  marked  by  breadth,  or  by  flatness,  or  by  sharp- 
ness. There  are  no  curved  mouldings  or  surfaces,  except  the 
cymatium  of  the  cornice  or  the  echinus  of  the  capital,  which 
last  is  generally  kept  exceedingly  flat.  All  of  the  parts  are  in 
perfect  keeping  with  the  style.  The  horizontal,  annular,  nar* 
row  channels,  or  incisions  beneath  the  ecMnus  of  the  capital,  are 
probably  merely  for  the  sake  of  effect — of  producing  shadow, 
and  increasing  the  proportions  of  the  capital,  to  whi<;h  they 
seem  to  belong.  The  lowermost  groove  may  give  the  capi- 
tal the  appearance  Gi  being  a  separate  piece,  merely  joined 
on  to  the  shaft,  without  such  joining  being  concealed.  It 
marks  the  commencement  of  the  capital,  the  portion  above  it 
of  the  shaft  being  thereby  converted  into  the  k^pairaehdkm 
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or  necking  of  tiie  ca|Htal  itself,  which  is  thus  enlarged  b 
appearance,  without  haying  actually  increased,  and  ren- 
dered nndulj  heavy.  In  some  examples  of  the  order,  this 
grooye  is  a  mere  line,  and  in  others  it  is  omitted  altogether. 
The  office  of  the  ec^nia,  by  expanding  out,  to  connect  the 
diminished  upper  end  of  the  column  with  the  overhanging 
abacus,  and  the  former  being  circular,  and  the  latter  square, 
but  adapted  to  each  other  in  size,  a  beautiful  combination  is 
produced  of  a  circle  inscribed  within  a  square;  and  the  result 
is  variety,  contrast,  and  harmony.  In  its  profile,  or  section, 
by  which  latter  term  is  understood  the  contour  of  any  mould- 
ing,  or  other  member,  it  is  usually  very  flat — ^little  more  than 
a  portion  of  a  cone  (turned  downwards),  with  scarcely  any 
perceptible  degree  of  convexity,  except  just  beneath  the  aba- 
cus, where  it  is  suddenly  rounded  and  diminished,  so  that  the 
abacus  does  not  seem  to  press  upon  or  compress  it  too  much. 
The  qdstylium,  or  architrave,  is  the  first  or  lowest  division 
of  the  entablature.  It  is  no  more  than  a  plain  surface, 
whose  standard  height,  including  the  tarda,  or  fillet,  which 
finishes  it,  and  separates  it  from  the  frieze,  is  equal  to  the 
npper  diameter  of  the  column.  The  middle  division  of  the 
entablature  is  the  frieze,  which  is  a  very  characteristic  feature 
of  this  Order,  being  invariably  distinguished  by  its  tryglyphs 
and  metopes.  The  triglyphs  are  upright  channelled  blocks, 
affixed  to,  or  projecting  from,  the  frieze,  and  are  supposed  to 
have  been  originally  intended  to  represent  the  ends  of  inner 
beams,  laid  upon  the  architrave  transversely.  The  metopes, 
on  the  contrary,  are  not  architectural  members,  but  merely 
the  intervals  or  spaces  between  the  triglyphs;  so  that,  with- 
out the  latter,  there  could  not  be  the  others,  because  it  is 
triglyphs  which  produce  the  metopes.  With  slight  varia- 
tions in  different  examples,  the  frieze  is  about  the  same 
height  as  the  architrave--a  trifle  less,  rather  than  more; 
and  the  average  proportion  for  the  breadth  of  the  triglyphs 
is  the  mean  diameter  of  the  column,  or  that  taken  midway 
of  the  shaft.    The  face  of  the  triglyph  has  two  glyphs,  (Mr 
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ehannels,  carved  apon  it,  and  its  edges  beveled  off  into  a 
half  chaoDel,  thus  making  what  is  eqnal  to  a  third  glyph— 
whence  the  name  triglyph,  or  tkree^hanfidled.  The  fillet  and 
gnttae  attached  to\he  taenia  of  the  architraye  immediately 
beneath  each  triglyph,  and  corresponding  with  it  in  width, 
belongs  to  the  triglyph,  although  it  shows  itself  upon  the 
architrave.  These  small  conical  gattae,  or  drops,  are  sup- 
posed by  some  to  represent  drops  of  rain  that  have  trickled 
down  the  channels  of  the  triglyph,  and  settled  beneath  the 
ledge  of  the  architrave.  Others  suppose  them  to  have  been 
intended  to  indicate  the  heads  of  nails,  screws,  or  studs. 
The  artistic  intention  would  seem  to  be  to  impart  somewhat 
rf  decoration  to  the  architrave,  to  break  the  monotony  of  the 
otherwise  uninterrupted  line  of  the  tsnia,  and  to  connect  to 
the  eye,  at  least,  the  architrave  and  frieze  together.  The 
architrave  thus  exhibits,  in  a  fainter  degree,  the  same  system 
of  placing  ornamental  members  at  regular  distances  from 
each  other,  as  is  so  energetically  pronounced  in  the  frieze 
itself: 

One  triglyph  is  placed  over  every  column,  and  one  or 
more  intermediately  over  every  inter-column  (or  space  be- 
tween two  columns),  at  such  distance  from  each  other,  that 
the  metopes  are  square;  in  other  words,  the  height  of  the 
triglyph  is  the  measure  for  the  distance  between  it  and  the 
next  one.  In  the  best  Greek  examples  of  the  Order,  there 
is  only  a  single  triglyph  over  each  inter-column,  which  is  the 
closest  of  all,  the  distance  from  axis  to  axis  of  the  columns 
being  limited  to  the  space  occupied  above  by  two  metopes 
and  two  triglyphs,  i.  e.,  one  whole  tryglyph  and  two  halves 
of  triglyphs.  The  width  of  the  inter-columns  cannot  be  at 
all  less  than  the  proportion  above  mentioned;  neither  can  it 
be  iocreased  without  a  second  tryglyph — ^and  if  a  second  tri- 
glyph, a  second  metope  also,  over  each  inter-column,  thus 
augmenting  the  distance  between  the  columns  half  as  much 
again,  which  becomes,  perhaps  too  much,  the  difference 
between  that  and  the  other  modes,  bemg  considerably  more 
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than  the  diameter  of  the  eolnmn;  whereas,  in  the  other 
Orders,  the  icter-columns  may  be  made,  at  pleasure,  either 
a  little  wider  or  narrower  than  nsaal.  The  end  trigljphs 
of  the  Grecian  Doric  are  placed  quite  up  to  the  edge,  or 
outer  angle  of  the  frieze. 

The  Doric  cornice  is  the  last  division  of  the  entablature. 
It  IS  about  a  third  or  even  more  than  a  third  less  than  the 
others,  and  may  itself  be  divided  into  three  principal  parts 
or  members,  viz.,  the  corona,  with  the  mutules  and  other  hed 
fnouldings  beneath  it,  and  the  tpitithetas  above  it.  The  mu- 
tales  are  thin  plates  or  shallow  blocks  attached  to  the  under 
side  or  soffit  of  the  corona,  over  each  triglyph  and  each  me- 
tope, with  the  former  of  which  they  correspond  in  breadth, 
and  their  soffits  or  under-surfaces  are  wrought  with  three 
rows  of  guttat  or  drops,  conical  or  otherwise  shaped,  each 
row  consisting  of  six  grUiiUy  or  the  same  number  as  those 
beneath  each  triglyph.  Nothing  can  be  more  artistically 
disposed;  in  like  manner,  as  an  intermediate  triglyph  is  placed 
over  every  two  columns,  so  is  an  intermediate  mutale  over 
every  two  triglyphs.  The  smaller  members  increase  in  num- 
ber as  they  decrease  in  size;  and  in  the  upper  and  finishing 
part  of  the  Order,  the  eye  is  led  on  horizontally,  instead  of 
being  confined  vertically  to  the  lines  indicated  by  the  columns 
below.  The  corona  is  merely  a  boldly  projecting  flat  mem- 
ber, not  greatly  exceeding  in  its  depth  the  abacus  of  the 
capital;  and  in  some  examples  it  is  even  less.  The  epitithe- 
tas,  or  uppermost  member  of  the  cornice,  is  sometimes  a 
cymatium,  or  wavy  mouldering,  convex  below  and  concave 
above;  sometimes  an  echinus  mouldering,  similar  in  profile 
to  the  echinus  of  the  capital.  The  cornice  may  be  said  to 
be  to  the  entablature,  and  indeed  to  the  whole  Order,  what 
the  capital  is  to  the  column, — completing  and  concluding  it 
in  a  very  artistic  manner.  By  its  projection  and  the  shadow 
which  it  casts,  the  cornice  gives  great  spirit  and  relief  to  the 
entablature,  which  would  else  appear  both  heavy  and  unfin- 
iflbed.    In  the  horizontal  cornice  beneath  a  pediment,  the 
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epitlthetas  is  omitted,  and  shows  itself  only  'm.  the  sloping, 
or  racking  cornices,  as  they  are  called,  along  the  sides  of  the 
pediment. 

ATita. — ^Pilasters,  as  well  as  columns,  belong  to  an  Order, 
and  in  modem  practice  are  frequently  substituted  indiffer- 
ently for  colunms,  where  the  latter  would  be  tTtgaged  or  at* 
tached  to  a  wall.  In  Grecian  architecture,  however,  the 
amUBf — as  they  are  thus  termed,  to  distinguish  them  from 
other  pilasters, — are  never  employed.  They  are  never  placed 
consecutively,  or  in  any  series,  but  merely  as  a  facing  at  the 
end  of  a  projecting  wall,  as  where  a  portico  is  enclosed  at 
each  end  by  the  walls  forming  the  sides  of  the  structure,  in 
which  case  it  is  described  as  a  portico  in  antis.  Although 
they  accompany  columns,  and  in  the  case  just  mentioned, 
range  in  the  same  line  with  them,  antse  differ  from  them  in- 
asmuch as  their  shafts  are  not  diminished;  for  which  reason 
their  faces  are  not  made  so  wide  as  the  diameter  of  the  col- 
umns, neither  are  their  capitals  treated  in  the  same  manner, 
and  both  shaft  and  capital  would  be  exceedingly  clumsy. 
The  expanding  echinus  of  the  column  capital  is  therefore 
suppressed,  and  one  or  more  very  slightly  projecting  fada, 
the  uppermost  of  which  is  frequently  hollowed  out  below,  so 
as  to  form  in  section  what  is  called  the  " bird's  nest"  mould- 
ing. In  a  portico  in  antis  the  want  of] 
greater  congruity  between  the  ant«B  and 
the  colunms  is  made  up  for  by  various  con- 
trasts. Flatness  of  surface  is  opposed  to  ro- 
tundity, vertical  lines  to  inclined  ones  (those 
of  the  outline  and  flutings,  of  the  column) 
and  uniformity,  in  regard  to  light,  to  the 
mingled  play  of  light  and  shade  on  the  shafts  of  the  columns 

The  Greeks  never  channelled  the  faces  of  their  tmia^ 
whereas  the  modems  flute  their  pilasters  as  well  as  columns. 
The  artistic  reason  for  such  a  distinction  would  seem  to  have 
been  to  prevent  harshnesss  and  dryness  of  effect — ^all  the 
lines  being  parallel  to  each  other,  while  in  the  columns  aU 
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the  lines  approadi  eadi  other  towards  the  top  and  would 
meet  if  the  column  were  extended  far  enough. 

PEOisfENT. — ^The  pediment  may  properly  be  considered  as 
no  part  of  the  Order,  bnt  it  serves  to  illustrate  how  a  figure 
which,  considered  merely  in  itself,  is  generally  regarded  as 
neither  beautiful  nor  applicable  to  architectural  purposes, 
may  be  rendered  eminently  beautifid  and  satisfactory  to  the 
eye.  The  pediment  must,  when  it  does  appear,  be  in  accord- 
ance with  the  order  itself,  or  that  front  of  the  building  which 
is  beneath  the  pediment ;  consequently  the  pitch  of  the  latter 
must  be  r^arded  by  circumstances, — ^must  be  either  greater 
or  less  according  to  the  proportions  of  the  front  itself.  So 
far  from  being  increased  in  the  same  ratio,  the  wider  the 
front, — the  greater  the  number  of  columns  at  the  end  of  the 
building, — ^the  lower  must  the  pediment  be  kept,  because  the 
f^ont  itself  becomes  of  low  proportions  in  the  same  degree  as 
it  is  extended  or  widened.  Under  all  circumstances,  the 
height  of  the  pediment  must  remain  pretty  nearly  the  same, 
and  be  determined,  not  by  width  or  horizontal  extent,  but 
by  the  height  of  what  is  beneath  it.  The  height  of  the 
pediment  or  its  tympamm  (the  triangular  surface  included 
between  the  horizontal  cornice  of  the  Order,  and  the  two 
racking  cornices  of  the  pediment)  never  greatly  exceeds  the 
depth  or  height  of  the  entablature  ;  for  were  it  to  do  so,  the 
pediment  would  become  too  large  and  heavy,  would  take  off 
firom  the  importance  of  the  Order,  and  appear  to  load  its 
entablature  with  an  extraneous  mass  which  it  was  never  cal- 
culated to  bear.  It  was  a  very  usual  practice  among  the 
ancients  to  fill  the  whole  of  the  tympanum  of  the  pediment 
with  sculpture,  and  also  the  metopes  of  the  frieze,  by  which 
the  latter  instead  of  being  mere  blank  spaces  between  the 
triglyphs,  were  converted  into  ornamental  features. 

MODERN  DORIC. 
The  Modem  Doric  resembles  the  original  one  in  the  mode 
of  fluting  the  arrises  instead  of  fillet — ^the  general  form  of 


or   ABCHirECTDKB.  8S 

capital  composed  of  echiniis  and  abacus,  and  the  triglypha 
apon  the  firieze.  The  differences  are  :  the  colnmn  is  increased 
from  six  to  eight  diameters.  The  sunk  anncJets  beneath  the 
capital  were  omitted  or  conrerted  into  fillets ;  the  capital 
was  increased  in  depth  by  a  distinct  necking  being  gi^en  to 
it,  dirided  from  the  shaft  by  a  projecting  moulding,  which  in 
that  situation  is  called  an  astragal.  The  greatest  change  is 
the  addition  of  a  base  to  the  colomn.  The  base  best  adapted 
to  the  Order,  as  being  the  most  simple,  though  not  uni- 
formly made  use  of,  is  that  which  consists  merely  of  a  torus, 
or  large  circular  and  couTez-sided  block,  and  two  shallow 
fillets  above  it.  It  may  here  further  be  noticed,  that  beside 
the  base  itself,  or  the  base  j^oper,  the  moderns  have,  for  all 
the  Orders  alike,  adapted  an  additional  member,  namely, 
a  rather  deep  and  square  block,  which,  when  so  applied,  is 
termed  a  pUnth  ;  and  beneath  this  is  frequently  placed  another 
and  deeper  one  called  a  suh^nth. 

Though  greatly  altered,  not  to  say  corrupted,  from  its 
primitiTc  character,  the  Doric  Order,  as  treated  by  the 
moderns,  has  been  assimilated  to  the  other  Orders, — so  much 
so  as,  though  still  differing  from  them  in  details,  to  belong 
to  the  same  general  style.  One  advantage,  if  no  other,  of 
which  is,  that  it  may,  should  occasion  require,  be  used  along 
with  the  other  Orders  ;  whereas  the  original  Doric  is  so  ob* 
stinately  inflexible  that  it  cannot  be  made  to  combine  with 
anything  else,  or  to  bend  tp  modem  purposes. 
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This  Order  is  derived 
from  the  Doric.  No  aa- 
thentic  examples  of  it  exist;  it 
is  known  only  from  what  Vi- 
truvius  says  of  it,  following 
whose  account,  modern  archi- 
tects have  endeavored,  not 
frnitlessly,  to  make  some  thing 
out  of  it.  The  shafts  are  not 
fluted  and  the  frieze  is  qnite 
plain.  The  Tuscan  Order  has 
been  differently  treated  by  dif- 
ferent Architects,  some  of  them 
having  given  it  what  is  merely 
a  modification  of  the  Doric  cor- 
nice, without  its  mutales.  One 
thing  which  the  modems  have 
done,  both  in  their  Doric  and 
their  Tuscan,  is  to  assimilate 
pilasters  to  columns,  giving  to 
the  former  precisely  the  same 
bases  and  capitals  as  the  others 
have,  and  also  generally  dimin- 
ishing their  shafts  in  the  same 
manner.  The  proportions  usu- 
ally adopted  for  this  order  are 
as  follows: — the  height  of  the 
column  seven  diameters;  that 
is,  considering  the  order  as  a 
kind  of  Doric,  fourteen  modu- 
les; and  the  entablature,  three 
modules  and  a  half.  The  entab- 
lature may  then  be  divided 
into  ten  equal  parts,  three  of  which  are  to  be  appropriated 


Torus./ 
ninth 
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for  tbe  he^t  of  the  arcMtraYe,  tiiree  for  tho  friflKe^  and 
the  remaixuiig  four  for  the  cornice.  The  cafHtal  of  the  co- 
himn  has  the  height  of  one  module,  and  the  base  has  the 
flame;  so  that  the  height  of  the  shaft,  including  the  ring 
or  fillet,  which  separatee  the  shaft  and  capital,  most  be 
twelre  modules. 
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lONIO  ORDER. 

The  capital  is  the  indical 
mark  of  the  Order, — ^that  bj 
which  the  eye  raimediately  re- 
cognizes and  distingmshes  it. 
The  entire  colomn  is  of  qoite 
a  different  character  from  the 
Doric.     Besides  having  the 
addition  of  a  base,  the  shaft  is 
of  more  slender  or  taller  pro- 
proportions,    and   consequent- 
ly   much    less    visibly  taper- 
ing ;  for  if  it  diminishes  in  the 
same  degree  as  the  Doric  shaft 
does, — ^the  Ionic  being  about 
two    diameters     longer, — the 
upper    one   would,  in    conse- 
quence of  such  tapering,  be- 
come too  small ;  and  a  further 
consequence  would  be  that  the 
foot  and  base  of  the  column 
would  appear  too  large, — ^per- 
haps clumsQy  so.    It  must  be 
allowed  that  the  swelling  con- 
tours of  the  base  are  admirably 
in    keeping,    and    harmonize 
with  the  play  of  curves  in  the 
volutes  much  better  than  it 
would  were  the  shaft  to  stand 
immediately  upon  the  floor  or 
pavement  without  any  base,  as 
in  the  Doric  Order. 

Concerning  the  origin  and 
progress  of  the  development  of 
this  order  to  perfection,  our 
present  limits  will  not  permit  us  to  speak.    The  number 
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)i2lair  18  tirentj-fonr.  The  Icmie  capital  is  &r  SKira  irngokr 
•ad  complez  than  that  of  ^e  Doric. 
'    Instead  of  showing,  like  the  othor,  four  equal  sides, 
it  exhibits  two  faces  or  fronts  parallei  to  the  architraye 
above  it,  and  two  narrower  hahster  sidis,  as  they  are 
termed,    beneath    the   architraTe.     Some    consider  this 
irregidarity  a  defect,  which,  if  soch  it  be,  is  to  begot  over 
only  by  either  turning  the  Yolntes  diagonally,  as  in  some 
Roman  and  modem  examples,  or  by  curving  coacaTdy  the 
faces  of  the  capital,  instead  of  making  them  planes,  so  as  to 
obtain  four  equal  faces  or  ades,  as  is  done  in  thecapitals  of 
the  inner  Order  of  the  Temfde  of  Apollo  at  Bassae.    At 
least  that  method  and  the  Oliver  one  of  turning  the  Yolates 
diagonally,  are  the  only  methods  that  haye  been  practised 
for  giving  p^ect  regularity  to  thelonic  capital  by  means  of 
four  equal  faces ;  for,  though  difficult,  it  is  possible  to 
accomj^ish  the  same  purpose  differently,  by  making  the  aba- 
cus quite  square,  as  in  the  Doric  Order,  and  letting  the 
volutes  grow  out  of  it  on  each  side  or  fBoe,  their  curvature 
commencing  not  at  the  upper  horizontal  edge,  but  descend- 
ing from  the  vertical  edges  of  the  abacus.    The  capitals 
could  not  be  square  without  appearing  of  excessive  bulk, 
and  out  of  proportion  with  the  other  parts,  and  inconsistent 
with  the  de^cacy  aimed  at  in  all  re^>ects.    This  arises  from 
the  great  extent  of  the  two  flat  volated  fiaces.  It  is  objected 
against  the  Ionic  capital  that  in  the  end  columns  of  a  portico 
the  form  occasioned  obvious,  if  not  offensive  irregularity, 
because  on  the  return  ode  of  the  buikiing  the  baluster  side 
showed  itself  beneath  the  &ce  of  the  architrave:  yet  even 
this  was  of  little  consequence  if  there  was  merely  a  single 
row  of  columns  in  front;  but  where  the  colonnade  was  con- 
tinued along  the  flanks  of  the  building  also,  a  very  unsightly 
sort  of  irregularity  was  produced;  for  while  all  the  otiier 
columns  on  those  flanks  showed  the  faces  of  their  capitals, 
the  end  one  would  show  its  baluster  side.    To  obviate  this 
olsfectiott  the  volute  was  placed  at  the  angle,  diagonally, 


flo  as  to  obtain  tbesetwordiiteid  BorfiMesidMediiaiBedifttely 
back  to  back.  In  the  British  Museum  and  some  other 
modern  edifices  tMs  objection  is  attempted  to  be  obviated  by 
arranging  the  corner  Tolirtcs  as  shown  in  Figs.  4  and  5,  in 
which/  indicates  the  face  or  volnted  side     ^^  ^ 

of  the  capital,  and  5  the balnster  side.    In    /^_j^     i^     (^ 
an  external  angle,  or  the  retnrn  of  a  por-       5 
tieo,  the  faces  and  sides  are  arranged  thns,         ^ 
so  that  bbbb  come  opposite  each  other;      p-^ 
bnt  in  an  internal  or  reentering  angle,      [^ 
the  reverse  takes  place  ;  for  we  have  then 
this  disposition  of  the  &ces  and  sides  of  the  capitals^  in 
which  a  voluted  face  comes  opposite  to  the  bolnstM  side  of 
the  next  cajMtal, — a  most  unsightly  irregularity,  and  an 

objection  that  wonld  be  far  better  got  over    r^        j . 

by  making  the  colmnn  [a]  into  a  square  ^^^4        *■ « 

piUar,  which  would  beades  give  strength, 
or  the  expression  of  it,  where  such  expres-   k^ 
sion  is  very  desirable.    The  capital  some- 
lames  has  and  sometimes  has  not  a  necking   ^T^ 
to  it,  which  may  be  either  plain  or  decorated.    The  capital 
is  capable  of  infinite  modifications  in  its  proportion  to  the 
column,  and  as  regards  the  size  of  the  volutes  compared 
with  the  width  of  the  face.    In  the  best  Greek  examples 
the  volutes  are  much  bolder  and  larger  than  in  those  of  the 
Roman  and  Italian,  in  some  of  which  they  are  so  greatly 
reduced  in  size,  and  become  consequently  so  far  apart  from 
each  other,  as  to  be  insignificant  in  themselves,  and  give  the 
whole  capital  an  expression  of  meanness  and  meagreness. 
The  spirals  forming  the  volute  supply  another  source  of 
variety,  since  they  may  be  either  single  or  manifold.    In 
what  is  called  the  Ilissus  Ionic  capital  there  is  only  a  angle 
qpiral,  or  htm,  whose  revolutions  form  the  volute,  which 
mode,  indeed,  prevails  in  all  the  Roman  and  modem  Ionics; 
but  in  the  capitals  of  the  Temple  of  Erecthus,  at  Athens, 
there  are,  besides  that  principal  spiral,  either  intermediate 
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«B6S  irUeb  follow  tiie  eovno  ef  its  leTolntioBfl. .  Again,  the 
mikt^9Uf  or  eye  of  the  Tolntey  where  the  spiral  or  spirals  ter- 
nmate,  admits  of  being  made  smaller  or  larger.  It  is» 
beeides^  aometkoea  flat,  sometimes  Gonrex,  and  occasionall j 
carred  aa  a  romtte.  Ail  these  Yariattons  are  iadependeat  of 
the  general  composition  of  the  ca]Htal,  and  though  not  aQ 
^qonUy  goody  they  both  sn^^pest  and  aatborize  other  modifi- 
eatioQB  of  the  lonk  tjpe,  and  firesh  combinations. 


.  Fig.  6  shows  the  intemal  order  of  the  Temple  of  ApoUo 
at  Baiae.    It  has  four  shnilar  faces;  yet  if  it  so  &r  agrees 
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with  many  Boman  and  Modem  Ionic  capitals,  it  diffen  tnm 
them  totally  in  cTery  other  respect.  The  base  is  pecnliaron 
account  of  its  great  simplicity  and  its  expansion,  spreadii^ 
out  below  to  considerable  more  than  the  upper  diameters  of 
the  shaft  This  diifers  firom  the  proper  Ionic  base,  which 
is  greatly  contracted  in  its  lower  moulding.  Another  pecu- 
liarity of  the  Ten^le  at  Bassae  is  tiie  mode  in  which  the 
shafts  are  fluted ;  the  fillets  are  exceedingly  narrow,  andtiie 
channels  shallow  and  yery  slightly  curred,  which  gives  the 
shaft  altogether  a  different  character  firom  that  attendmg 
the  usual  mode  of  fluting  practiced  for  this  Order.  In 
Oreek  examples  the  baluster  side  of  the  column  had  a  series 
of  wide  channels  with  broad  fillets  between  them,  and  where 
great  richness  was  affected,  as  in  the  Ionic  o(  the  Temple  of 
Erechtheus,  at  Athens,  the  fillets  had  an  additional  mould- 
ing upon  them,  carred  into  heads.  In  the  Asiatic  examples, 
on  the  contrary,  and  Roman  ones  also,  the  baluster  aide  is 
usually  cut  into  the  form  of  leaves,  bound  together,  as  it 
were,  in  the  centre,  by  a  broad  grin. 

The  base  usually  given  to  this  order  by  the  Qreeks  was 
the  Auk  one,  consisting  of  two  tori,  divided  by  a  seoHa, 
The  upper  torus  was  sometimes  fluted  horizontally;  at  others, 
cut  to  resemble  an  interlaced  chain-like  ornament,  now  called 
a  guUloche.  Modem  architects,  however,  invariably  leave 
the  upper  torus  of  the  base  quite  plain. 

loKiG  Amt2s. — ^Without  exactly  agreemg  with  that  of  the 
column,  the  base  does  not  differ  from  it  very  materially,  ex- 
cept, indeed,  in  the  lUsus  example,  where  it  is  lower  than 
the  other,  and  consists  only  of  a  shallow  scotia,  with  a  chan- 
neled torus  above  it.  In  the  Erechtheum  example,  it  is  dis- 
tinguished firom  the  column-base  chiefly  by  both  the  loww 
and  upper  torus  being  channeled.  The  capital,  or,  as  it  is 
more  commonly  termed,  amtorcap,  on  the  contrary,  is  dilfer* 
ently  shaped  from  that  of  the  column,  in  consequence  of  hav- 
ing no  volutes;  wherefore,  it  is  not  by  any  means  so  wide, 
neiiber  is  it  so  deep.    The  mouldings,  too,  though  <tf  the 
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t  dhaaraefeer,  u»  diffiBrentij  disposed.  Still,  the  antarcap 
eoHcapoBds  with  the  capital  as  to  plaiimefls  or  enrichmeat, 
beiiig  either  carred  or  not,  as  those  oi  the  latter  luqppeii  to 
be;  and,  if  the  capital  has  an  ornamented  necking,  so  also 
has  the  anta.  One  singalaritj  in  thjs  treatment  of  some  an- 
te  is  that  of  the  face  of  the  anta,  a  slight  break  having  been 
made  down  the  middle  of  H,  which  causes  it  to  aj^tear  com- 
posed of  two  very  narrow  faces,  pot  together  side  by  side, 
but  not  exactly  flnsh  with  each  other. 

loMic  Emtablatubs. — As  expressed  in  the  terms  of  the 
diameter  of  the  colnmn,  that  is,  measured  by  it,  the  entablar 
tore  exceeds  that  of  the  Doric  Order.  In  the  Parthenon, 
the  entile  hdght  of  the  entablature  is  not  more  than  two 
diameters;  while  in  both  the  Ionic  and  Erechthemn,  it  is  two 
diuneters  and  seventeen  parts,  or  two-thirds  of  a  diameter 
more;  whereas;  it  wonld  seem  that  the  Ionic  colnmn,  being 
moeh  more  slender,  the  entablatnre  onght  to  be  less  than  two 
diameters  in  hdght,  instead  of  being  more.  And  so  it  is, 
and  less  in  a  considerable  degree:  it  is  the  he^ht  of  the  en- 
taUatnre;  in  other  words,  tiie  height  of  the  lattermost  be  in 
proportion  to  that  of  the  former.  Now,  two  and  cme-third 
diameters  for  the  entablatnre  is  less  in  proportion  to  a  colnmn 
ei^t  or  nine  diameters  high.  In  the  latter  case,  the  entab- 
latnre is  eqoal  to  one-third  ot  the  colnmn,  and  one-fonrth  of 
the  whc^e  order;  bat  in  the  other  two  and  one-third  diame- 
ters, amoont  to  only  a  fourth,  or  thereabouts,  of  the  height 
of  the  colimm,  and,  consequently,  to  only  about  a  fifth  of  the 
entire  Order. 

The  Ionic  ArckU  ave  does  not  differ  materially  from  that 
of  tiie  Doric.  Its  average  or  standard  hdgfat  is  the  upper 
diamet^  of  the  colnmn.  In  the  plainer  exan^les  (^  Ionic, 
soch  as  the  Ilissus  one,  the  face  of  the  architrave  is  quite 
{Mn,  and  distinguished  fr(ai  it  only  by  the  Doric  tenia  being 
converted  into  a  moulding  of  aplain  bead  and  small  echinus, 
smrmounted  by  a  narrow  tenia  or  broad  fillet.  In  more  de* 
ecffaled  acampks,  as  that  of  the  Brechtbinm»  the  face  of  the 
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ajrchitraye  is  diyided  into  three  snrfiioes  <Nr  eoane^  cilM 
fa4iae,  which  very  slightly  project  beyond  or  orer-hai^  ewdi 
other,  and  the  moulding  between  the  architrare  and  frieze  is 
increased  in  depth;  there  is  a  greater  number  of  inoaldii^% 
and  some  of  them  are  enriched  by  being  carved,  or,  as  it  is 
termed,  aU. 

As  to  the  Ionic  frieze,  triglyphs  beii^  discarded  for  it,  and 
no  other  characteristic  members  sabstitnted  fw  them,  it  be> 
comes  no  more  than  a  plain  surface  interposed  between  the 
architraTe  and  cornice,  unless,  as  is  now  never  done,  altiiongh 
it  was,  in  all  probability,  generally  d<me  by  the  Ancients,  it 
is  enriched  with  figures  in  bas-relief,  or  other  sculpture. 

The  Ionic  cornice  affords  but  little  scope  for  further  obsep- 
Tation,  more  particularly  in  the  Athouan  examples,  in  which 
it  consists  of  little  more  than  the  corona  and  cymatiom  aboTS 
it,  and  some  narrow  bed-mouldvngs  beneath  the  fonner  mem- 
ber, partly  got  out  of  its  hallowed  soifit,  or  under^urfiice. 

If  the  frieze  is  to  be  left  plain,  the  best  way  would  be  to 
reduce  its  height  a  little,  and  perhaps  that  of  the  architraive 
also,  and  enlarge  the  cornice  by  introducing  dtnids  into  it. 
These  dtntels  consist  of  a  series  of  narrow,  upright  blocks 
(supposed  to  represent  the  end  of  joists),  placed  closely 
t(^ther;  so  that  the  spaces  between  them,  which  are  only 
about  half  as  wide  as  the  blocks  themsdves,  appear  to  indaU 
that  portion  of  the  c(»nice,  which,  when  introduced  without 
being  so  ornamented,  is  called  an  nncut  dtiUd  bamd. 

The  Temple  of  Jiqater  at  Aizani,  in  Asia  Minor,  exhibits 
a  remarkable  example  of  the  Ionic  order,  the  details  of  whidi 
were  recently  published,  for  the  first  time,  by  M.  Texier.  In 
its  general  conformation,  the  base  resembles  the  Priene 
example;  bat  the  entablature  is  quite  different.  The  ardii- 
trave  is  divided  into  three  facis,  separated  by  a  cut  mould- 
ing; and  the  upper  fads  is  surmounted  by  an  exceedingly 
deep  and  highly  enriched  course  of  mouldings.  The  frieze, 
too,  is  placed  upon  it  at  uitervals,  somewhat  after  the  mannw 
«f  the  triglyphs,  and  connected  with  scrolls.    The  cormoe 
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^  both  dttnteb  ud  HiodillioDfl,  and  a  narrow  corona,  b«l 
a  deep  CTinatiiim,  enriched  with  earring. 

NoiwithstandiDg  the  snperioritj  of  the  Greek  Ionic  to  the 
BomaB,  it  has  not  been  adopted  by  the  French  and  Italian 
ardiiteelB  oi  the  preset  day.  In  England,  the  Greek  lonio 
has  been  employed  abnoet  to  tiie  entire  ezdosion  of  the 
olher. 

ROMAN  AND  MODERN  IONIC. 

As  treated  by  the  Romans,  the  Ionic  capital  was  not  only 
greatly  impoverished,  bat  deformed  also, — impoyerished  by 
the  Tolotes  being  greatly  reduced  in  size,  and  conseqaentiy 
in  importance  also,  as  characteristic  marks  of  the  order,— 
and  deformed  owing  to  the  tasteless  treatment  of  it  in  other 
VBspeets.  Instead  of  the  gracefoIly-Aowing  fatoonrkm^  or 
mooMings  orer  the  echinus,  which  seems  to  connect  the  two 
▼olntes,  or  sides  of  the  Csoe  of  the  capital  together,  there  is 
a  strai^t  line  without  any  mouldii^  to  it;  and  the  echinus, 
prcrjecting  before  it,  produces  an  appearance  of  clumsiness — 
of  the  seTend  members  not  being  properly  adjusted  to  each 
other.  As  in  aU  the  Greek  examples,  the  echinus  of  the 
capital,  which  passes  behind  the  volutes,  is  invariably  carved 
with  that  sort  of  pattern  which  workmen  call  "eggs  and 
darts" — OVA,  or  egg^haped  ornaments,  afanoet  naturally 
resulting  from  the  contour  of  the  moulding  before  it  is  cut; 
and  the  echinus  of  the  lomo,  being  always  so  carved,  is  on 
that  account  distinguished  by  the  name  cvdo — ^not  because 
its  section,  or  profile,  is  any  portion  of  an  oval  or  elliptic 
carve;  for,  among  other  things  the  Roman  style  dilfers  from 
the  Greek  in  having  aQ  its  mouldings,  both  convex  and  con:* 
cave,  formed  of  portions  of  circles,  by  which  its  details 
become  less  elegant  in  contour. 

There  are  but  three  accredited  examples  of  the  Roman 
lonie  Order  as  a  whole,  viz: — ^the  Theatre  of  Marcellus,  the 
Teoqde  of  Fortuna  Yirilis,  and  the  Temple  of  Coneord.    Of 
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the  first  of  these,  the  ci^ital  is  tlie  ennplest  and  plainest,  and 
also  the  smallest  in  its  proportions ;  that  of  the  second  is  by 
far  the  best,  its  yolntes  retainmg  most  of  the  Greek  charac- 
ter; and  that  of  the  third  is  remarkable,  if  not  for  its  ngli- 
ness  in  other  respects,  for  its  volutes  being  tamed  ontwardf 
diagonaUy,  so  as  to  present  foor  eqoal  spaces, — a  mode  af* 
terwards  re-invented  and  brought  up  as  a  noveltj,  hj  Sca- 
mozzi,  in  honor  of  whom  it  has  since  been  distingnished  bj 
the  name  of  the  Scamozzi  capital.  There  are  in  addition  to 
these  three  examples  nmnerons  detached  specimens  of  the 
Order  in  antique,  concemmg  which  our  limits  will  not  permit 
OS  to  speak.  The  only  other  varietj  of,  or  invention  for,  the 
Ionic  capital  that  we  can  notice  is  one  that  has  been  prao* 
ticed  by  Italian  Architects,  and  which  may  be  distingdi^ed 
as  ^e  festoon  or  festooned  ci^ital,  the  Tolutes  being  turned 
diagonally,  and  a  festoon  being  suspended  from  t^e  eye  of  one 
volute  to  that  of  the  other  beneath  each  face.  This  not  only 
gives  variety  and  nchnees  to  the  capital,  but  by  increasing 
its  volume  or  bulk,  increases  its  importance  also,  and  produoes 
great  play  of  light  and  shade;  there  is  harmony  together 
with  diversity  in  the  combination  of  forms,  the  curve  of  the 
festoon  being,  though  dissimilar,  in  i^reement  with  the  out- 
line of  the  volutes.  At  present  there  is  no  proportion  ob- 
served— that  is  with  regard  to  decoration;  for  the  same 
entablature  or  cornice  at  least  is  not  equally  adapted  to  large 
and  small  capitals.  To  obviate  the  meagreness  and  insig- 
nificance of  the  usual  Italian  Ionic  capital,  Sangovino  and 
some  others  have  frequently  given  it  a  necking,  mther  plain 
or  enriched,  which  even  when  plam,  greatly  improves  the 
general  appearance  of  the  column  by  increasing  the  d^th  of 
the  capital  and  reducing  the  height  of  the  shaft.  To  make 
this  clearer,  without  pretending  at  all  to  exactness,  call  the 
column  nine  diameters  high,  and  the  capitis  either  half  a 
diameter,  or  a  whole  one,  accordingly  as  it  is  with  or  without 
a  neddng;  now,  in  the  first  case,  the  capital  will  be  to  tha 
shaft  (base  included)  t>n]y  as  one  to  sevetUeen,  whereas  in  th* 
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other  It  beeoBies  as  ooe  to  eight,  which  is  not  at  «1I  too 
much,  whOe  the  other  waj  the  shaft  is  mach  too  lanky,  and 
the  ci^ital  too  low, — as  is  probably  felt  by  those  who  eaonot 
ttqi^ain  the  cause  of  such  disagreement  and  disproportion. 

Emtablaturb. — ^The  Theatre  of  MarceUus  seems  to  hare 
been  the  entablatore  which  has  guided  the  Modems  in  the 
ecHnposition  of  their  entablature,  although  they  hare  greatly 
diminiahed  the  proportions  of  the  cornice,  which  is  there 
neariy  equal  to  both  architraye  and  frieze  together.  In  the 
Athenian  Ionic  we  may  set  down  the  architrave,  Meze,  and 
cornice  as  about  50 — 50,  and  35  minutes  respectively,  making 
altogether  two  diameters  and  fifteen  minutes  (2}  diameters) ; 
therefore  the  cornice  is  to  each  of  the  other  two  divifflons  of 
the  entablature  only  as  35  to  50.  In  the  Roman  Ionic,  on 
the  contrary,  the  cornice  is  by  much  the  largest  division;  in 
the  Fortuna  Yirilis  example,  the  measures  are — architrave 
38',  frieze  19^,  cornice  TO';  in  that  of  the  Theatre  of  Mar- 
cellns  43'— 36'— 66',  making  the  entire  entablature  12T',  or 
2  diameters  7  minutes.  Although  modem  Architects  vary 
fr<Rn  these  proportions,  and  some  of  them  make  the  frieze 
equal  to,  or  more  than  the  architrave,  they  all  agree — ^in 
doctrine,  at  least,  if  not  in  practice — in  making  the  cornice 
the  latest  division  of  the  entablature.  Either  dentels  or 
htfger  plain  blocks,  phiced  rathec  wide  apart  from  each  other, 
are  considered  the  proper  characteristic  marks  of  {he  Ionic 
cornice. 

The  modems  have  frequently  given  this  Order,  by  way  of 
distinction,  a  convex  frieze,  technically  termed  a  pulvinated 
one,  from  its  fancied  resemblance  to  a  cushion  (jpulvinar), 
whose  slides  swell  out  by  compression  when  sat  upon. 
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CORINTHIAN  ORDERCynati. 

Ths  distiDgnigbiBg  feat- 
ure of  this  Older  is  its 
deep  and  f  oliaged  capital 
The  Btorj  nBoall  J  related 
of   the    origin   of   the 
(Corinthian   capital    is : 
the  scnlptor  Callicr^tes 
was  80  struck  by  the 
graceful  forms  ioto  which 
the  leaves  of  the  acanthus 
plant  had  grown  up  around  a 
tall  basked  covered  bj  a  square 
slab,  that  he  sketched  it,  and 
conceived  the  idea  of  fashioning 
the  capital  after  it.    The  fact 
is,  the  Cormthian  Order  does 
not  appear  to  have  been  ever 
matured  into  a  distinct  style 
and  complete  system  by  the 
Greeks.    There  is,  indeed,  one 
solitary  Athenian  example  of 
Corinthian,  which  exhibits  the 
utmost  refinement  of  exquisite 
richness  attempered  by  exquisite 
delicacy.      In  the  Lysicrates 
capital — as  we  will  for  conve- 
nience   call   it   (the   example 
alluded  to  being  that  of  the 
moDument  of  Lysicrates,  other- 
wise   called    the    Lantern   of 
Demosthenes,    at    Athens) — 
foliation  may  be  said  to  have 
attained  its  culminating  point; 
rivalled,  it  may  be,  but  hardly 
surpassed.    Still,  it  must  be  con]fefi»Bd,  as  a  whdle, 
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Order  leaTes  mnelL  to  be  dcsiied  far  it,  ftken  bting  nothkig 
of  corresponding  beauty  and  lozoriaBce  in  the  rest  of  it. 
The  cornice,  for  instance,  is  only  a  simple  dentelled  Ionic 
one;  nor  are  any  of  the  monldings  of  the  entablature  cat. 
l%ere  was,  however,  in  that  particular  case,  above  the 
entablature,  what  folly  counterbalances  and  carries  out  the 
idea  and  expression  oi  the  capitals,  namely,  the  ornamental 
roofing,  and  the  matchless  finial  which  crowns  the  stroctnre, 
and  produces  a  foil  climaz  of  beauty  and  grace.  Charming 
as  the  original  itself  is,  or,  more  correctiy,  icat^  it  has  been 
cqMed  and  altered  more  than  any  other  structure — often  in 
a  bungling  manner. 

The  Corinthian  Order  may  be  thus  described:  the  body 
of  the  capital  is  surrounded  by  two  rows  of  leaves,  eight  in 
each  row;  be^des  which,  there  are  four  leaves,  which,  with 
tiie  volutes  over  them,  serve  to  support  the  four  angles  of 
the  abacus.  Although  the  Order  itself  is  the  most  delicate 
and  lightest  of  the  three,  the  capitd  is  the  largest,  being 
considerably  more  than  a  diameter  in  height, — ^upon  the 
average  about  a  diameter  aud  a  quarter.  This,  however, 
win  cause  the  reader  no  surprise,  if  he  bears  m  mind  what 
has  before  been  said  as  to  the  proportion  to  be  observed 
between  the  column  and  its  capital.  The  taUer  the  former  is, 
the  taller  must  the  latter  be  also,  and  so,  fer  bulkier;  although, 
while  actually  increasing  in  bulk,  its  tallness  corrects  the 
appearance  of  heaviness,  by  giving  the  pr^fportion  of  slender- 
ness.  A  capital  whose  hdght  is  only  half  a  diameter,  is, 
of  course,  by  no  means  positively  so  bulky  as  one  which  is 
upwards  of  an  entire  cUameter  in  height,— whereas  the  other 
is  much  higher  than  it  is  wide.  The  abacus  is  differently 
shaped  from  what  it  is  in  either  of  the  other  four  Orders. 
In  the  Doric  it  is,  as  we  have  seen,  merely  a  thick,  square 
slab  fitting  the  echinus  beneath  it,  and  left  perfectly  plain. 
In  the  lomc,  it  is  square;  but  its  endes  are  moulded,  whether 
it  is  square  or  not.  The  Corinthian  abacus,  on  the  contrary,  is 
not,  properly  speaking,  a  square:  although  it  may  be  said  to 
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be  80  m  its  general  form,  inasmuch  as  it  possesses  §qma/rmim^ 
haTing  four  equal  sides.  Instead  of  bdng  straight,  the  skies 
of  the  abacas  are  concave  in  plan,  being  carved  oatwards, 
so  as  to  prodoee  a  sharp  p<Hnt  at  each  corner,  which  is 
accordittglj  cat  oit  Thos  we  find  that  the  abacas  here 
awunes  a  very  diflforent  shape  from  its  original  one.  The 
height  of  the  capital  varies  from  GO'  to  nearly  half  as  maoh 
again. 

The  propter  Corinthian  base  differs  from  that  of  the  osnal 
Ionic  or  Attic,  in  having  no  smaller  scotise,  separated  bj  two 
astragals ;  however,  both  kinds  are  employed  indiscriminately, 
and  the  Attic  is  that  which  is  generally  osed,  except  a  greater 
d^ee  of  delicacy  and  richness  thw  ordinary  be  reqmred. 
As  the  shaft  is  Anted  similarly  to  that  of  the  Ionic  colomn^ 
viz.,  with  twenty-foar  channels,  there  is  nothing  for  notice  or 
remark  there,  unless  it  be  that  the  flutes  are  sometimes 
€aUed,  as  it  is  called,  that  is,  the  channels  are  hollowed  out 
for  only  about  two-thirds  of  the  upper  part  of  the  shaft,  and 
the  remainder  cut,  so  that  each  channel  has  the  appear- 
ance of  being  partly  filled  up  by  a  round  staff,  or  piece  of 
rope,  whence  the  term  cahUng, 

Entablature. — ^The  architrave  is  generally  divided  into 
three  facie  (the  lower  one  much  narrower  than  the  others, 
which  is  rather  conlrary  to  architectonic  principle,  the  weaker 
romber  bdng  placed  under  heavier  ones),  witii  the  mouldings 
between  them,  which,  though  frequently  left  plain,  are  prop- 
erly enriched  in  the  best  and  most  consistently  finished-up 
examples.  We  pass  over  the  frieze,  that  being  merely  a  sin- 
gle surface,  either  plain  or  sculptured.  The  cornice  is  larger 
than  in  the  other  Orders,  larger  as  to  height,  and,  conse- 
quently, as  to  projection  also;  which  increased  height  and 
projection,  and,  we  may  add,  increased  richness,  are  demanded 
by  the  greatly  enlarged  bulk  of  the  capital,  and  its  more  ela* 
borate  decoration.  Examples  vary  so  greatly,  that  we  can 
give  only  approxunating  mean  and  average  proportions, 
which  may  be  set  down  at  9  diameters  12  minutes  for  the 
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ter, for  the  cornice;  bat  it  is  in  manj  instances  nuve,  and, 
in  others,  as  mach  less.  As  may  be  supposed  from  this 
greatly-increased  dqj^th  of  the  cornice,  it  consists  of  a  greater 
number  of  mouldings  beneath  the  corona,*for  that  and  the 
Gymatinm  OTer  it  inTariaMy  retain  their  places  as  the  eromn 
ing  members  of  the  whole  series  of  monldmgs.  To  the  deft* 
tela  of  the  Ionic  cornice  is  added  a  row  of  modillions,  imme* 
Auttely  beneath  and  snj^rting  the  corona.  These  modil- 
Mons  are  ornamented  blocks,  cnrred  in  their  under  snrfisce, 
after  the  manner  of  the  letter  S  turned  thus,  qd;  and  between 
tbem  and  the  dentels,  and  also  below  the  latter,  are  otiier 
mouldings  sometimes  cut,  at  others,  left  plain.  Sometimes  a 
plain,  uncot  dentd-ba/nd  is  substituted  for  dentels;  sometimes, 
in  simpler  cornices,  that-  is  omitted  altogether,  and  plainer 
blocks  are  employed  instead  of  modillions;  or  else  both  deft- 
teis  and  modillions  are  omitted,  as  m  the  Temple  of  Antoninus 
and  Faustina,  notwithstanding  that  it  is  considerably  enriched 
— eren  the  face  of  the  corona  being  fluted. 
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coMPOsrrB  order. 

This  Order  is  not  con- 
sidered by  some  modem 
writers  as  an  Order.    The  to- 
Intes  at  the  angles  of  the  capi- 
tal are  expanded  into  the  pro- 
portions of  those  in  the  Roman 
Ionic  capital.     The  Order  is 
without  donbt  derived  from  the 
Ionic  and  Corinthian;  it  was 
first  nsed  by  the  Romans  in 
their  triumphal  arches.     The 
very  dissimilar  varieties  to  be 
met  with,  all  belonging  to  one* 
and    the    same    Order,    show 
plainly  enough  that  the  Archi- 
tects of   antiquity  considered 
themselves  at  liberty  to  design 
their  own  detail,  and  to  treat 
an    Order    as    a   composition 
marked  out  'for  them    in  its 
leading  forms  and  general  pro- 
portions, but  which  they  might 
fashion    nearly  ad  libitum   in 
other  respects.    Modem  archir 
tects  are  more  apt  to  study 
mere  convenience,  and  violate 
architectural  orthodoxy.    Such 
architecture  may  not  be  strictly 
classical;  but  it  does  not  follow 
that  hence  they  are  not  artistic 
or  beautiful.  Ifour  limits  would 
permit,  we  could  instance  hun- 
dreds of  examples  of  this  Order, 
each  of  which  might  be  some- 
what difTerent  from  the  other 
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and  perhaps  it  might  lead 


OF    ABCBltlOniBX.  41 

tte  reader  to  the  coneliuf on,  that  the  Oompoate  shooJd  be 
oonadcared  not  as  a  separate  Order,  but  ae  a  modificatioii 
of  the  Corinthian. 

GOLUMNIAnON. 

Columns  and  entablatores,  In  thenwdTes,  do  not,  pnqperly 
speakmg,  constitate  an  Order,  although  they  serre  as  Bprn- 
mens  of  it.  They  most  enter  into,  and  regulate  the  organisa- 
tion of  a  stractore,  before  they  can  become,  by  composition, 
what  18  strictly  termed  an  Order.  As  exhibited  in  their 
temples,  the  system  of  colnmmatt<m  practised  by  the  ancientB 
was  strictly  organic  and  natural.  Instead  of  being  somethii^ 
accessory,  supplementary  to,  and  independent  of,  the  &brj£, 
that  might .  be  either  omitted  or  applied  at  pleasure^  as 
commonly  practised  in  Italian  and  modem  compodtion,  the 
Order  itself  constituted  the  exterior  of  the  building,  at  least 
of  that  side  or  front  of  it  where  it  was  introduced,  when  it 
was  not  continued  throughout;  so  that  the  Order  and  its 
dimensions,  once  established,  and  the  mode  of  internsolumni^ 
tion  determined,  the  edifice  shaped  itself.  Before  we  enter 
upon  the  subject  of  inter-columniation,  it  will  be  desirable  to 
explain  the  various  forms  of  temples,  and  the  technical  terms 
by  which  they  are  distinguished. 

The  naos^  or  cdla,  as  it  is  more  usually  called,  or  temple 
itself,  was  comparatiyely  smaU,  eyen  where  the  entire  mass 
was  of  considerable  size,  gradual  extension  of  size  being 
produced  not  so  much  by  any  great  enlargement  of  the  in- 
terior as  by  external  colnmniation  and  its  gradual  develop* 
ment.  It  is  probable  that  the  earliest  Greek  temples  con* 
sisted  of  the  vaos  only,  and  were  accordingly  plain  Asttlab 
buildings,  or  without  columns,  except  in  front  or  at  the 
entrance  end,  where  an  enclosed  porch  was  formed  by  intro- 
ducing columns,  by  continuing  the  side  walls,  and  placing 
columns  between  them  vn>  aniiis^  that  is,  between  the  two 
amiae  or  pilasters  forming  the  ends  of  those  walls.  The  next 
step  seems  to  have  been  to  advance  the  pcwch  before  the 
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main  building,  instead  pf  keeping  it  recessed  within  the  side 
vaUs,  thereby  conyerting  in  forp  a  portico  in  antis  into  a 
prosiylt,  or  projecting  line  of  columns;  thus  a  distyle  in afdis, 
or  a  portico  consisting  of  two  colmnns  between  antae,  con- 
sequently of  three  vntereolumns,  or  open  spaces  between  the 
antae  and  colonins,  wonld  become  a  titr€utyk,  or  projecting 
portico  of  foor  columns.  By  the  other  end  of  the  bnildiiig 
being  similiffly  treated,  the  temple  became  ampkiprastyie,  or 
prostyle  at  both  ends,  in  rear  as  well  as  in  front,  the  sides 
still  remaining  aOylao'.  The  next  and  last  style  of  adyance- 
ment  was  to  continue  columniation  all  round,  enclosing  the 
eeOa  within  colonnades  along  its  sides  as  well  as  at  its  ends, 
which  disposition  of  plan  is  expressed  by  the  terms  peristyle 
or  peristylar,  and  peripteral,  which  of  necessity  produces  two 
columns  and  two  intercolumns  more  in  front;  for  what  wonld 
otherwise  be  merely  a  tetrtiistyle  prostyle,  with  four  columns 
and  three  int^columns,  (the  number  of  the  latter  being 
always  one  less  than  of  the  others,)  becomes  by  the  colon- 
nades being  continued  along  the  side,  a  hezastyle  (six 
columns  and  fire  intercolumns) ;  ar  if  originally  a  prostyle 
hexastyle,  it  would  be  rendered  an  odastyU,  (eight  columns 
and  seven  intercolumns,)  and  so  on.  It  should  be  obseryed, 
too,  that  a  buUding  cannot  at  the  same  time  be  peristylar 
and  have  a  prostyle  portico,  the  latter  being  merged  in  the 
general  colunmiation,  instead  of  projectmg  from  the  rest  of 
the  edifice  aa  a  distinct  feature.  Of  peristylar  temples  there 
were  two  sorts,  viz. :  those  with  a  single  row  of  columns  on 
each  side,  and  those  which  have  two,  which  last  are  distin* 
guished  by  the  term  dipteral^  i.  e.  having  two  wings  or  aisles 
on  each  side.  Although  it  did  not  at  all  affect  the  general 
appearance,  notwithstanding  that  it  extended  the  plan  by 
adding  two  mcfre  columns  and  intercolumns  to  the  front,  this 
last-mentioned  mode  was  attended  with  greater  richness  of 
columniation,  and  the  intercolumns  contributed  not  a  little 
to  variety  of  effect  and  play  of  perspective;  besides  which, 
greater  sheltered  space  was  gained  for  ambulatories;  whereas 
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in  tiie  nsoal  rimple  peristyle,  where  tin  spMe  betwe^  Oe 
onter  eolimms  and  the  walls  of  the  cella  was  Hvited  to  the 
width  of  a  single  interccdumn,  the  nde  cotonnades  were  mete 
narrow  peesages,  verj  little  widw— «t  least  in  Doric  tenn 
pies — than  the  diameter  of  the  colomns  themselyes,  eons^ 
qnentlj  of  rery  little  actual  service.  In  what  is  called  the 
ptemdiMHfUral  mode,  more  of  clear  space  between  the  colon- 
nades  was  prorided  by  omitting  the  inner  colnmns,  whidi 
mode  rednced  the  plan  to  that  of  sfanple  peristyle,  the  only 
dilTerence  bdng,  that  instead  of  the  width  of  a  single  inter- 
Golnmn,  a  clear  space,  equal  to  two  intercolnmns  and  one 
column,  was  gaiirad  for  the  ambnlatories.  The  Temple  of 
Jupiter  at  Silenus  was  of  this  description,  and  being  only 
octastyk  in  front, — ^the  least  possible  width  for  a  dipteral  or 
pseudo-dipteral  plan, — of  the  seven  frt)nt  intercolnmns,  for 
fonr  (s.  e,,  two  on  each  side)  were  given  to  the  lateral  colon- 
nades,  and  only  three  left  for  the  breadth  of  the  ctHa,  whkdi 
must  have  looked  like  a  smaller  edifice  standing  within  a 
colonnaded  and  covered  enclosure. 

The  above  few  and  nmple  arrangements  of  plan  are  nearly 
all  the  varieties  that  the  Greek  temple  style  offers;  and  some 
of  them  are  little  better  than  distinctions  without  differences, 
inasmuch  as  the  differences  do  not  affect  general  external 
appearance.  Peripteral,  dipteral  and  pseudo-dipteral,  all 
agree  in  the  main  point,  and  the  two  latter  answer  to  the 
name  of  peripteral  as  well  as  to  the  first,  being  merely  modi- 
fications of  it.  Oreat  as  were  its  assthetic  beauties,  Oreek 
Architecture  was — ^why  should  we  scruple  to  confess  it? — 
exceedingly  limited  in  its  compass  and  power  of  expression: 
what  it  did,  it  did  admirably,  but  it  confined  itself  too  mndi 
to  one  idea.  "  When  you  have  seen  one  green  field,"  says 
Johnson,  ''you  have  seen  all  green  fields;"  and  so  we  may 
say  of  Oreek  temples, — ^when  you  have  seen  one  of  them, 
you  have  seen  all  oi  them.  However  they  may  differ  from 
one  another  as  to  the  treatment  of  the  Order  adopted  for 
them,  the  number  of  thdr  columns  and  mere  particulars  of 
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tiukt  Und,  thej  reiieiride  each  other  rerj  nearly  in  all  lead* 
ing  points.  Not  only  were  their  plans  InTariahlj  parallelo- 
gnuns,  bat  alike  also  to  proportion,  forming  a  double  square, 
or  being  about  twice  as  ninch  in  length  as  in  breadth;  for  so 
ezeeedioglj  mdhodiad  was  the  Qreek  sjstenii  that  the  num- 
bers of  columns  on  the  flanks  or  sides  of  a  peripteral  t^nple 
was  related  and  determined  by  the  nnmber  of  those  in 
front.  The  nnmber  of  those  in  front  was  inyariably  an  even 
one,  as  otherwise  there  would  be  no  middle  intercolumn;  but 
on  the  flanks  of  the  edifice,  where  there  was  no  entrance, 
the  number  of  the  intercolumns  was  an  even,  and  that  of 
the  columns  an  uneven  one,  so  that  a  column  came  in  the  cen- 
tre of  these  side  eleTations. 

As  to  the  mode  in  which  the  front  influenced  the  ades  by 
determining  the  number  of  columns  for  them,  the  established 
mle  seems  to  hare  been  to  give  the  flanks  twice  as  many  intef- 
eolmnns  as  there  were  columns  at  each  end:  thus,  the  Farthe- 
non,which  is  octastyle,  has  skOm^  intercolumns;  consequently, 
seventeen  columns  on  each  flank.  In  like  manner,  a  hexa- 
style  temple  would  have  twdct  intercolumns,  and  thirteen 
columns  on  its  sides.  There  are,  however,  exceptions;  for 
instance,  the  temple  at  Selinns,  which  has  been  mentioned  as 
an  instance  of  the  pseudodipteral  mode  of  colnmniation  in  an 
octastyle,  with  sixteen,  or  just  twice  as  many  columns  on  its 
sides  as  in  front;  consequently,  the  intercolumns  are  only  fif- 
teen, and  being  uneven  in  number,  there  is  a  middle  one,  as 
in  the  front  itself.  After  all,  the  diffierence  caused  by  there 
being  an  intercolumn  more  or  less  than  usual,  is  but  a  very 
slight  one,  such  as  is  to  be  ascertained  only  by  counting  the 
eolnmns,  and  such  as  not  to  cause  any  perceptible  difference 
in  the  general  physiognomy  of  building. 

Besides  the  restriction  as  to  general  proportion  of  plan, 
namely,  the  fixed  relationship  between  the  length  and  the 
breadth  of  the  building,  proportion  with  r^ard  to  height 
was  limited  in  a  different  way,  and  in  such  manner  that 
the  character  of  increased  richness  and  importance  derived 
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from  a  greater  number  of  cohmms  wbs  attended  not,  indeed, 
bj  decreased  beight,  bat  by  decreased  lofiimss,  or  prcporHonal 
height,  that  is,  height  as  measured  by  either  breadth  or 
length.  Paradoxical  as  this  may  sonnd  at  lint,  nothing  can 
be  more  plain  when  once  explained.  Discarding  nicety  in 
measurement,  we  will  call  a  Idrasiyle  portico  abont  a  sqnare 
hi  height — ^that  is,  about  as  high  as  wide;  bnt  add  foor  more 
oolnmns,  extend  it  from  a  tetrastyle  to  an  octastyle,  so  that 
ft  becomes  about  a  double  square  in  breadth,  or  twSee  m 
wide  again,  and  the  ineyitable  consequence  is,  that  it  is  then 
only  twice  as  wide  as  high;  that  is,  as  to  proportion,  only 
half  as  lofh^  as  it  was  before.  The  expression  (^  loftiness,  in 
which  altitude  greatly  predominates  oyer  breadth,  was  quite 
beyond  the  reach  of  the  Chreek  system.  Their  temples  might 
be  planted  on  lofty  eminences,  but  the  structures  themsehres 
never  towered  upwards.  As  far  as  it  went,  their  system 
was  perfect — so  complete,  indeed,  in  itself  as  to  be  unfit  for 
ahnost  any  other  purposes  than  that  for  which  it  was  e» 
pressly  framed. 

If  the  Romans  corrupted  the  Doric  and  Ionic,  they  devel- 
oped and  matured  the  Corinthian  Order,  and  also  worked 
out  a  freer  and  more  complex  and  comprehensiTe  system  of 
Architecture.  To  say  nothing  of  their  introduction  and  ap- 
plication of  those  important  elements  of  both  construction 
and  design,  the  arch  and  vault,  which  hardly  belong  to  a 
mere  treatise  on  the  Orders,  it  is  to  the  Romans  that  we  are 
indebted  for  varieJties  and  combinations  of  plan  that  will  be 
sought  for  in  vain  among  Grecian  structures.  Of  the 
Romans  it  may  be  said,  "Mutant  quadraia  rotwndigj^ 

Cu-cnlar  forms,  and  enrves  displaying  themselves  not  only 
in  elevation  and  section,  but  in  plan;  and  while,  among  the 
Greeks,  Architecture  was  confined  almost  exclusively  to  ex- 
ternal appearance  and  effect,  in  the  hands  of  the  Romans  It 
was  made  to  minister  to  internal  display  of  the  most  enchant- 
ingly  picturesque  kind,  as  would  be  amply  attested  by  the 
Pantheon  alone.    In  that  edifice,  and  Hadrian's  MauMdemn 
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(now  btfbarised  into  the  Oastdlo  di  &  Angdo),  tbe  ejrfift? 
drical  form  was  exhibited  upon  an  imposing  scale;  in  the 
temple  at  TiYoli,  in  far  less  dimensions,  bnt  with  the  most 
captivating  taste;  and  again  in  the  tomb  of  Cecilia  Meletta^ 
we  have  a  fine  example  of  an  unbroken  astylardrcnlarmass. 

In  BQch  structores  as  the  Colosseum  and  other  Roman 
amphitheatres,  a  diiferent  form  of  cnrratiire,  namely,  the 
eUqms,  was  employed  with  admirable  propriety  and  effect. 
In  the  interior,  again,  we  find  the  hemicycle  or  concaye 
semi-dnsQlar  form,  both  frequently  and  yarioosly  applied  by 
Bomans  in  sndi  edifices  as  their  Baths,  which  afford  many 
excellent  studies  for  combination  oipian. 

To  enter  into  the  system  of  Roman  Architecture  as  the 
subject  would  requbre,  would  yery  far  exceed  our  present 
limits  and  purpose  ;  much  less  can  we  pretend  to  treat  here 
of  the  still  more  Taried  and  c(Hnplex  Italian,  or  Modem 
Eurqp«an  system,  into  which  fmestroHon  so  largely  enters, 
^okmmoHon  being,  more  frequently  than  not,  subordinate. 
Were  we  to  touch  upon  the  last  mentioned  style  and  its 
yariouB  elements,  it  could  be  only  so  superficially  as  to  be 
m<»e  disappointing  than  instructive.  Better  that  our  reader 
should  admire  our  forbearance,  than  complain  of  our  unsat- 
isfactory jejaneness.  We  may,  however,  permit  ourselves  to 
throw  out  one  or  two  general  remarks  ;  the  first  oi  which  is 
that  it  is  a  great  error  to  confound  with  the  Italian  the  two 
Ancient  Classical  styles,  applying  to  them  alike  the  epithet 
^  Grecian,"  merely  in  contradistinction  to  Gothic,  or  Medi- 
»val  Architecture.  It  is  absurd  to  pretend  to  test  by  the 
Greek  style,  one  so  totally  differently  constructed  as  the 
Italian ;  an  error  that  could  hardly  kive  been  fallen  into 
but  for  the  practice  of  applying  the  same  names  to  very  dif- 
ferent things.  The  term  Order  has  quite  a  different  mean- 
ing as  a{^ed  to  the  original  classical  mode  of  the  Art, 
from  what  it  has  in  the  other.  In  Italian  composition,  an 
Order  is  more  frequently  than  not,  mere  decoration  in  the 
shape  of  columns  and  entablatures,  fashioned  sicwndnm  artem, 
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(a  Tvy  dUhnfkt  thing  from  aituitieallj,)  so  m  to  nmmbH 
in  dfitafl,  and  certain  conrenttonal  diBtinctions,  those  of  the 
Ancients.  Infinitely  better  wookl  it  hare  been,  if,  instead 
of  allowing  themselves  to  be  mided  by  the  pedantry  of  Yi* 
tniTios,  the  Architects  of  the  so-called  ReTtral,  who  diowed 
mnch  happiness  of  invention  in  otiier  reqiects,  had  treated 
the  Orders  freely;  or  perhaps  still  better,  had  they  worked 
out  ideas  of  their  own  for  cohunns  and  entablatures,  wheik- 
ever  they  had  occasion  for  them,  either  as  matters  of  necea* 
sity,  or  as  mere  decoration.  Had  Italians  allowed  them- 
selves greater  latitude  in  that  respect,  they  would,  in  all 
probability,  have  been  flu  less  licentioas  upon  the  whole 
than  they  frequently  were,  and  their  buildings  wonld  have 
been  mote  homogeneous — more  of  a  piece.  But  they,  for- 
sooth, be  one  of  the  Orders  or  all  (^  them  at  once,  and  a 
great  deal  else  in  Hxe  bargain.  Therefore  the  affecting  to 
retain  the  Ancient  Orders  in  their  purity,  served  no  other 
purpose  than  that  of  making  all  the  more  evident  how  com- 
frietely  their  first  mtention  and  character  had  been  lost 
'  right  of. 

The  clmging  with  scrupulous  punctilio  to  what  had 
become  dead-letter  forms,  after  the  system  which  they  had 
produced  had  been  abandoned,  and  exchanged  for  another 
and  widely  different  one,  was  merely  superstition  and  ped- 
antry. It  might  show  acquaintance  with  traditional  learn- 
ing and  the  writmgs  of  Yitmvlus ;  but  it  also  showed  dnlness 
of  esthetic  feeling,  or,  what  is  not  much  better,  (deficiency 
of  osthetic  power.  There  was,  however,  one  mode  of  apply* 
ing  columns,  which,  although  generally  regarded  as  the  most 
licentious  and  un-orthodoz,  nay,  even  preposterous, 
because  quite  contrary  to  all  classical  practice  and  prece- 
dent, has  at  least  one  propriety,  that  of  being  rational,  since 
columns  there  officiate  as  columns — as  real  support; 
whereas  in  a  great  deal  of  Modem  Architecture,  that  is 
adnured  for  the  c(»rect  taste  it  disphiyff,  cohunns  and  their 
ental^tures  are  mere  e:q)letive8,  instead  of  actui^  compo- 
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DteDt  parts  of  tiie  fabric,  and  aimiilate  a  mode  of  coofitraetloii 
ndther  required  for  nor  practiced  in  the  fabric  itself. 

The  particular  mode  b«re  alluded  to  is  that  in  whidi 
arches  are  not  introduced  together  with  colunms,  but 
the  arches  are  not  only  introduced  together  witii  colnms,  bat 
the  arches  and  columns  are  so  in^ssolubly  mamed  together 
that  they  cannot  be  dirorced,  inasmuch  as  the  axdies  are 
supported  by  the  columns  themselves,  the  fbrmer  springing 
immediately  from  ihe  ci^itals  of  the  latter.  Such  combi* 
nation,  it  might  be  supposed,  would  be  gladly  admitted  as 
sufficiently  legitunate,  both  because  in  accordance  with 
rational  architectonic  principles,  and  because  it  greatly  ex- 
tends tiie  resources  of  the  Art ;  nevertheless  such  is  the 
omnipotence  of  prejudice,  that  instead  of  being  welcomed 
and  adopted  by  us,  it  has  been  decried  as  a  barbarism.  As 
an  irresistible  and  crushing  argument  agamst  it,  we  are  told 
tiiat  columns  were  not  ariginaUy  intended  to  be  so  applied; 
— admirable  logic,  truly  I  Th^e  are  a  great  many  other 
things  besides  columns  which  have  in  course  of  time  come  to 
be. applied  to  uses  not  originally  contemplated.  Inr^^ard 
to  that  combination  of  columns  and  arches  according  to 
which  the  latter  spring  immediately  from  the  others,  and 
are  suf^rted  by  them,  there  are  two  questions  :  the  first 
and  practical  one,  Do  the  columns  afford  sufficient  support? 
the  second  and  lesthetic  one  is,  Is  there  also  sufficient 
appearance  of  support ;  or  is  there  anything  oontradictoiy 
to  principle,  to  judgment  «nd  good  taste  ?  The  first  ques- 
tion needs  no  answer,  since  it  answers  itself ;  it  being  an 
indisputable  fact  that  columns  so  employed  do  answer  the 
purpose  to  which  they  are  turned.  The  other  question  is 
not  so  easily  answered  :  the  prejudiced  will  of  course  answ^ 
it  according  to  their  own  contracted  taste  and  narrow 
notions,  condemning  the  mode  alluded  to,  without  any 
inquiry  into  its  merits  and  advantages,  merely  on  the  ground 
of  its  being  quite  at  variance  with  the  classical  system  of 
trahmkd  coiumniation,  that  is,  with  columns  supporting  a 
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horizontal  ardiitrave  and  entablature;  or  general  horizontal 
trabeation.  That  by  the  snbstitation  of  arches  for  archi- 
traTes,  the  character  of  the  Greek  sjstemis  forfeited,  cannot 
be  denied ;  bat  then  another  character  is  established  whose 
difference  from  the  original  one  onght  not  to  be  made  its 
condemnation.  To  demand  of  a  different  mode  that  it 
shoold  resemble  and  conform  to  the  laws  of  that  from  which 
it  differs,  is  absurdity  in  the  extreme,  for  it  is  requiring  at 
once  that  it  shall  be  a  different  one  and  the  same.  To 
compare  different  styles  is  a  yery  useful  sort  of  study  ;  but 
to  make  any  one  style  the  criterion  or  standard  by  which 
others  are  to  be  judged,  is  preposterous. 

The  style  in  which  the  arch  and  column  enter  into  direct 
combination  with  each  other,  and  for  which  there  is  no  spe- 
cific name,  has  at  all  CTents  some  economical  recommendi^ 
tions,  inasmuch  as  shorter  columns,  and  fewer  of  them,  are  re- 
quired, than  would  be  necessary  for  the  same  height  and 
length  according  to  the  trabeated  mode.  In  Itself,  too,  it 
possesses  much  capability ;  yet  as  is  the  case  with  every 
other  style,  ihe  merit  of  the  works  produced  in  it  depends 
upon  the  manner  in  which  it  is  treated,  and  the  talent 
brought  to  it.  There  is  no  style  of  the  Art  so  poetical  that 
the  flattest  prose  may  not  be  made  out  of  it ;  and  hardly 
any  so  utterly  prosaic  as  to  be  incapable  of  being  kindled 
into  poetry  by  the  Promethean  torch  of  generality — artistic 
treatment,  and  con  amort  aesthetic  feeling. 

INTERGOLUICNIATIOH. 

Although  Iittercolumniation  consists  only  in  regulating 
and  detemuning  the  spaces  between  the  columns,  and  conr 
sequently  does  not  affect  the  nature  of  the  composition,  for  a 
tetrwtyle,  hexastyle,  &c.,  would  still  be  such,  no  matter  how 
narrow  or  wide  the  intercolummations  or  intervals  between  the 
columns  may  be,  very  much  depends  upon  it  with  regard  to 
expression  and  effect.    How  intercolumniation  is  regulated 
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in  tlie  Doric  Order,  has  already  been  explained:  in  that  the 
distances  between  the  columns  is  generally  governed  entirely 
by  the  triglyphs  of  the  frieze,  so  that  there  can  be  no  medinm 
between  monotriglypkie  and  ditrigh/pMe  in  intercolunmiation, 
accordingly  as  there  is  either  one  or  two  triglyphs  over  each 
intercolumn.  But  in  the  other  orders  there  are  no  such  re- 
strictions: in  them  the  intercolnmns  may  be  made  wider  or 
narrower,  as  circumstances  require,  but,  of  course,  under 
the  guidance  of  judgment  and  good  taste;  fbr  what  is  left 
a  discretion  is  not  always  Tery  discreetly  used.  Vitruvius 
and  his  followers,  however,  have  not  cared  to  trust  to  discre- 
tion or  indiscretion,  but  have  fixed  certun  positive  or  distinct 
modes  of  intercolumniation,  viz.,. five,  to  wit: 

Pycnostyle,  or  dosdy  set,  in  which  the  intercolnmns  are 
one  diameter  and  a  quarter  or  a  half  in  width. 

Systyle,  in  which  they  are  two  diameters  wide. 

Eustyle,  or  well  spaced,  in  which  they  are  two  diameters 
and  a  half. 

Dyastyle,  in  which  they  are  three  diameters. 

Axfleoetyie,  or  thinly  set,  in  which  they  are  four  diameters. 

Let  us  repudiate  for  Architecture  all  such  formal,  Act  of 
of  Congress  legislation,  and  take  pycnostyle  and  serostyle  as 
the  greatest  allowable  degree  of  distance  or  closeness  at  which 
the  columns  can  be  placed,  and  it  follows,  that  between  such 
maximum  and  minimum,  any  intermediate  measure  is  admis- 
sible, and  that  there  is  no  occasion  to  fix  it  positively  and 
arithmetically,  and  make  distinctions  which  are,  after  all, 
only  arbitrary.  There  are  a  great  many  matters  in  design 
which  must  be  left  to  the  architect,  and  intercolumniation  is 
one  of  them.  It  is  impossible  to  have  precise  rules  for  every 
thing,  neither  is  it  desirable;  for,  if  everything  in  it  could  be 
done  by  rule.  Architecture  would  forfeit  its  nature  aa  one  of 
the  fine  arts,  and  be  reduced  to  one  of  the  mechanical.  What 
is  done  by  rule  can  be  done  just  as  well  as  by  one  as  another. 

Excepting  the  terms  pycnostyle  and  araeostyle,  which  are 
useful  as  expressing  the  greatest  d^ee  of  closeness  or  of 
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opeimesfl  of  hiteivcolamniation  consisteiit  with  well-propor- 
tioned avrangement,  tlie  others  may  be  dispensed  with.  To 
designate  one  mode  as  autyU,  par  ezedenct,  is  rery  mach  like 
saying  that  the  proportions  assigned  to  it,  riz.,  2*30',  or  2| 
diameters,  are  the  very  best,  and  all  the  rest  comparatiyely 
defectire;  according  to  which  doctrine,  the  fnonotnglypMe 
mode  of  interH^lamniation  nsnally  employed  by  the  Greeks 
in  their  Doric  temples,  and  which  answers  to  the  character 
of  pycnostyle,  is  not  so  well-proportioned  as  what  is  emphati- 
cally called  enstyle.  Let  it  be  whatever  it  may,  as  expressed 
in  terms  of  the  diameter  of  the  columns,  inter-colamniation 
should  always  deserve  the  name  of  enstyle,  or  weHpropor- 
turned,  by  being  such  as  satisfies  the  eye,  and  contributes  to 
the  particular  character  that  befits  the  occasion,  and  har- 
moniaes  with  the  other  proportions  of  the  structure.  Pyc- 
nostyle, or  close  spacing,  carries  with  it  the  expression  of 
both  richness  and  strength,  the  solids,  or  columns,  beis^ 
Ycry  little  less  than  the  voids  or  inter-columns.  Aneostyle, 
<nr  wide  spacing — and  ditriglyphic  Doric  inter-columniation 
may  be  caUed  such — ^produces  an  effect  of  openness  and 
^htness,  but  also  partakes  of  meagreness  and  weakness, 
owing  to  the  want  of  sufficient  apparent  support  for  the 
entablature — a  very  frequent  fault  in  modem  architecture, 
where  frugality  as  to  columniation  has  often  been  allowed  to 
produce  a  degree  of  poverty,  which  contrasts  very  disagree- 
ably with  that  of  the  decoration  affected  by  the  Order  itself. 
Inter-columniation  ought  to  be  made  to  depend,  in  some 
measure,  upon  the  nature  of  the  composition:  a  tetrastyle 
portico,  for  instance,  or  a  distyle  in  antis,  admits  of  wider 
inter-columniation  than  would  be  suitable  for  an  octrastyle; 
because  pycnostyle,  where  there  are  only  three  inter-columns, 
would  produce  too  great  narrowness  of  general  proportions 
for  a  portico. 

Hardly  is  there  need  for  observing,  that,  be  their  propor- 
tions what  they  may,  the  inter-columns  in  a  colonade  or 
portico  must  be  all  alike;  nevertheless,  in  a  Grecian  Doric 
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portico  there  is,  as  we  have  seen,  some  differeBoe,  the  tiro 
extreme  ioter-colamos  being  there  narrower  by  th^i  width  of 
half  a  triglyph.  There  is,  besides,  another  exception  from 
the  general  principle;  for  the  centre  inter-colomn  <^ a  portico 
was  frequently  made  somewhat  wider  than  the  others,  in 
order  to  mark  the  entrance,  and  the  better  to  diq[>lay  and 
a£ford  greater  space  for  access  to  the  door  within. 

One  mode  of  colnmniation  and  inter-columniation  which 
remains  to  be  spoken  of,  is  that  which  has  been  sometimes 
practised  by  modem  architects,  and  combines  the  two  ex- 
tremes of  pycnostyle,  or  still  closer  inter-columniation  and 
arseostyle.  This  consists  in  coupling  the  columns,  and  mak- 
ing a  wide  inter-column  between  eTery  pair  of  columns;  so 
that,  as  regards  the  average  proportion  between  solids  and 
voids,  that  disposition  does  not  differ  from  what  it  would  be 
were  the  columns  placed  singly. 

Although  denounced  by  some  critics,  more  especially  Algar 
ratti,  as  altogether  licentious  and  indefensible,  and  although 
it  is  not  to  be  specially  recommended  or  indeed  practicable 
on  every  occasion,  the  coupling  of  columns  may,  under  some 
circumstances,  be  not  only  excusable,  but  advisable  and 
proper.  As  is  the  case  with  almost  everything  else  in  mat- 
ters of  art,  all  depends  npon  how  it  is  done,  and  whether 
with  or  without  sufficient  reason.  That  there  is  no  classical 
authority  for  it,  is  no  valid  reason  against  it;  in  the  consti- 
tution of  the  ancient  temples  there  was  nothing  to  require  or 
motive  it.  It  may  be  conceded,  however,  that  conpled 
columns,  forming  a  prostyle  surmounted  by  a  pediment,  are 
objectionable;  because  where  so  strong  a  resemblance  to  the 
antique  model  is  preserved  in  other  respects,  a  departure  from 
it  in  regard  to  the  disposition  of  the  columns  has  a  disturb- 
ing effect. 

Having  gone  through  the  Classical  Orders,  and  explained 
theur  elements  and  constitution,  we  have  performed  as  much 
as  we  purposed  or  as  we  promised.  Within  the  same  com- 
pass we  might,  no  doubt,  have  touched  upon  a  great  deal 


OF  ABCHinonjBi.  6ft 

besideB  that  to  the  stad j  of  Oreek  and  Roman  Architecture, 
by  restricting  onrselyes  to  bare  mattei^f-fact,  and  8iq>pre88- 
ing  all  c<»nment,  and  so  treating  the  snbject  dril j  and  snper- 
ficially.  Proceeding  upon  the  principle  muUum  hand  muUa, 
we  have  aimed  at  nothing  more  than  to  initiate  the  reader  in 
snch  a  manner  as  to  ezdte  interest  in  the  subject  and  stimu- 
late further  inquiry.  Should  we  have  effected  that,  we  shall 
have  gained  our  purpose.  Although  the  Orders  have  been 
classified  according  to  the  old  diylsion,  the  reader  must  re- 
member that  it  is  not  expected  that  he  shall  be  a  plodder 
who  works  by  rate  and  routine.  Much,  very  much  indeed, 
will  have  been  learned  by  the  reader,  should  he  have  learned, 
or  haye  he&a  put  in  the  way  of  learning,  to  look  upon  those 
Tarioos  compositions  in  the  several  Orders,  not  merdy  with 
eyes  of  a  Builder  or  a  Mechanic,  but  with  the  intuition  and 
the  feeling  <^  an  Artist;  in  shcHrt,  to  look  upon  them  as 
general  types  to  be  diligently  studied,  and  then  inutated  with 
congenial  gusto 
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ABCsmanjBM  or  tabzoui  couimuss,  fbox  xhb  xabubst  to  toe 

PBxssifT  Tmx.  ^   

CHAFTEB  L 

ArckiUUure  tf  wirtbiit  Coimtrtief. 

In  an  attempt  to  trace  the  ori^  of  Arddtectue,  widi  a 
Tiew  to  a  lustorj  of  the  Styles  that  preraaled  in  this  and 
othei  cotintries,  it  will  be  quite  unnecessary  to  giye  anj  ac- 
count of  the  different  kinds  of  tents,  hnts,  and  other  timber 
erections  nsed  aa  the  early  habitations  of  mankind,  resnltu^ 
from  the  necessity  of  protection  from  the  inclemency  of  the 
seasons,  and  vhich  required  little  skill  or  knowledge  of  con- 
stmction.  Onr  purpose  is  to  refer  only  to  such  andent  erec- 
tions of  dorable  materials  as  eyince  a  knowledge  of  some  sys- 
tematic constroction,  or  were  the  source  from  which  pro- 
ceeded all  that  can  properly  be  called  Architecture. 

^tfWveA,  Babylon,  and  Egypt, 

The  first  city  that  contained  solid  and  durable  edifices  was 
Nineveh,  the  capital  of  the  Assyrian  empire  and  the  residence 
of  the  Assyrian  kings,  founded  by  Asshur,  the  great-grandson 
of  Noah.*  Jonah  speaks  of  it  as  an  excee^ng  great  city  of 
three  days'  journey  i^f  it  is  described  by  Strabo  as  larger 
than  Babylon:  the  walls,  according  to  Diodorus,  were  100 
feet  high,  and  so  broad  that  three  chariots  might  be  driven  on 
them  abreast:  upon  the  walls  stood  1500  towers,  each  200  feet 
in  height;  and  the  whole  was  so  strong  as  to  be  deemed  im- 
pregnable. That  this  city  must  have  been  one  of  great  gran- 
deur at  a  very  early  period,  there  can  be  little  doubt.  It  is 
mentioned  as  a  place  of  great  commercial  importance,  and 

•  GmMiaz.U.    "Outof  thfttludirairt Acdiiir,  aadbolUMLKiMTdi.'* 
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"its  merchants  as  nioro  than  the  stars  of  liMTeii.''  Ninereh 
was  taken  by  the  Medes  onder  Arbaces,  in  the  eighth  centmy 
Bx.,  when  it  was  nearly  destroyed;  and  qnite  so,  when  taken 
by  Cyazeies,  625  b.o.  AU  that  now  remains  on  each  side 
ii  the  Tigm  of  this  onoe  splendid  city,  has  the  appearance 
of  a  range  of  hills,  from  which  large  st<me8  and  bricks  con- 
nected with  bitomen,  on  which  are  inscriptions,  are  frecpently 
dognp. 

The  next  dty  noted  for  its  early  origin  was  Babylon, 
founded  by  Nimrod,  Bon  of  Cnsh,  and  grandson  of  Ham.*  It 
is  described  by  the  andent  writers,  Strabo  and  Qnintns  Cnr- 
tios,  as  a  dty  of  great  strength  and  magnificence.  80  great 
was  the  drcoit  of  its  walls  that  there  was  pastors  and  arable 
land  witlun  them  snflident  to  siq)port  the  whole  population 
daring  a  long  si^;e.  According  to  Herodotos,  the  walls 
were  50  cubits  thick  and  200  in  height,  bnilt  of  bricks  made 
from  the  earth  which  was  dug  oat  of  the  ditdi  that  sorroonded 
the  dty.  In  the  walls  were  100  gates  made  of  brass,  as 
well  as  the  jambs  and  lintels.  It  has  been  said,  that  if  there 
was  a  dty  wlueh  seemed  to  bid  defiance  to  any  predictions 
of  its  £eJ1,  that  city  was  Babylon,  for  a  long  time  the  most 
Cunons  city  <^  the  old  world,  whose  walls  were  reckoned 
amongst  its  wonders. 

The  rains  that  hare  been  discoYered  on  each  dde  of  the 
Sni^irates  confirm  the  accounts  which  hare  descended  to  as 
of  its  splendor,  although  nothing  now  remains  bnt  large  mass- 
es of  brick-work  laid  on  lime  mortar  of  good  quality.  On 
the  eastern  side,  it  is  supposed,  are  the  remains  of  the  great 
temple  of  Belu8,t  which,  according  to  Diodoms,  was  higher 
than  the  largest  pyramid.  Among  the  ruins  are  to  be  found 
fragments  of  alabaster  vessels,  fine  earthenware,  marble,  and 
great  quantities  of  Tarnished  tiles,  whose  glazing  and  coloring 
are  still  fresh 

•  CtoMds  X.  10.  ''And  thA  beginniiis  of  his  kiacdon  WM  BrM." 

t  TIftt  tempto  oTBelajiJM  iMorlbed  ^j  B«rodota«,  wm  of  a  pTrmmidal  fbnn,  tbaL 

kr  to  th*  Hindoo  tomplo  at  Ta^Jon,  tmA  the  gnat  MmIomi  tomplag.    U  ^nm 

f»«BdBd  b/  SoMlftmto,  1660 1.0. 
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Of  what  date  these  are,  it  is  impossible  to  conjectnrey  as 
so  little  information  exists  on  this  interesting  subject.  We 
are  told  that  in  the  time  of  Senuramis,  Qneen  of  Assyria, 
1665  B.  c,  an  extensive  and  splendid  palaoe^ez^ted  on  each 
side  of  the  Euphrates,  connected  hy  a  tnnnel  nnder  the  rirer, 
and  likewise  that  a  bridge  was  bnilt  bj  Nitocris  to  connect 
tke  two  parts  of  the  city  divided  hj  the  Euphrates.  The 
piers  were  of  large  hewn  stones,  in  order  to  erect  which  the 
course  of  the  river  was  diverted,  and  its  bed  left  dry. 

The  city  was  brought  to  its  highest  degree  of  perfection 
by  Nebuchadnezzar,  about  the  year  600  b.  c;  but  its  splen- 
dor must  have  been  of  short  duration,  as  about  60  years 
after  the  death  of  that  monarch,  and  during  the  reign  of  • 
Belshazzar,  it  was  taken  by  Cyrus.  From  that  time  it 
gradually  declined,  and  afterwards  became  a  part  of  the 
great  Persian  monarchy. 

The  Egyptian  Thebes,*  situated  near  the  southern  eztrem* 
ity  of  that  empire,  is  the  most  ancient  city  of  whose  buildings 
any  remains  exist  at  the  present  time.  The  period  of  its 
foundation  ascends,  probably,  to  the  same  antiquity  as  that 
of  Nineveh  and  Babylon.  It  was  the  fibrst  seat  of  the 
Egyptian  govemment,t  which,  at  an  early  period,  was 
transferred  to  Memphis,  near  the  northern  extremity  of  the 
empire.  From  this  time,  its  importance  declined;  but  the 
imperishable  nature  of  the  materials,  and  the  immensity  of 
its  masses,  have  preserved  the  buildings  for  more  than  three 
thousand  years.  Memphis,  less  fortunately  situated,  by 
being  nearer  the  line  of  communication  between  Ama  and 
Africa,  has  been  more  subject  to  the  destructive  caprices  of 
man,  and  has  disappeared  from  the  face  of  the  earth.*     At 

*  The  most  ancient  name  of  Thebes  is  Pathros,  and  it  was  so  called  from  Path- 
ralam,  son  of  Misraim  and  son  of  Ham.  Hizralm  was  the  first  occupier  of  the 
conntry  of  Bgjpt. 

t  The  first  Ung  mentioned  is  Henes,  who  is  supposed  to  hare  lived  2000  B.C.,  and 
eontemporarjr  with  the  era  of  the  Chinese  emperor  Gao,  with  whom  the  historical 
period  of  China  hegins. 

*  Egs^t  was  eonqaered  by  Oambyses,  625  jears  b.  a ;  after  which  time  ft  became 
a  proTlBoe  of  Persia. 
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IfMBBt  the  Bite  of  the  citj  of  Thebes  is  occui^ed  b  j  four 
ptineipal  Tillages, — ^Loxor  and  Kemac  on  the  eastera  side, 
Gkmroah  ao^  Medmet-Aboa  on  the  western  side  of  the 
river.  The  boildings  and  scolptore  of  this  gigantic  "  city 
of  a  hmdred  gates,"  stiU  extant,  are  the  most  ancient  that 
exist  in  EgTpt,  and  are  the  best  and  most  gennine  specimens 
of  Egyptian  art  and  arddtectore;  for  there  is  every  reason 
to  bdieve  that  by  &r  the  greater  part  were  execnted  before 
Egypt  had  yet  experienced  the  inflnence  of  the  Greeks,  and 
long  before  the  Persian  invasion. 

The  mins,  chiefly  consisting  of  temples,  colossi,  sphinxes, 
and  obelisks,  occQpy  nearly  the  whole  extent  of  the  valley 
of  the  Nile,  a  space  of  six  miles  from  east  to  west.  On  the 
western  side,  where  the  rains  of  this  vast  city  terminate, 
those  of  the  "dty  of  the  dead"  commence,  among  which 
there  are  tombs  excavated  in  the  rocks,  and  decorated  with 
paintings — still  as  fresh  as  though  the  artist's  hand  had  been 
engaged  upon  them  bat  a  few  weeks  past. 

The  principal  remains  of  Egyptian  architectore  (chiefly 
temples)  are  to  be  fonnd  on  the  banks  of  the  Nile,  and 
extoid  from  Cairo  to  Nabia,  a  distance  of  500  miles.  The 
pecdiarity  observable  in  all,  is  the  great  snblunity  of  the 
masses,  the  grandeor  and  severity  of  every  line,  by  which 
their  buildings  bear  the  stamp  of  that  sentiment  of  eternal 
duration  which  they  were  always  so  anxioos  to  reaUze  in 
their  monnments. 

At  a  very  early  period  the  Egyptians  were  extremely 
flkitfhl  in  working  stone,  an  art  in  which  they  have  never 
been  surpassed.  The  large  blocks  of  stone  of  which  their 
temples  are  composed  are  well  squared,  and  so  laid  that  the 
joints  are  scarcely  visible. 

The  most  interesting  and  complete  temple  in  the  whole 
valley  of  the  Nile  is  that  of  Edfou,  about  25  miles  above 
Thebes.  This  great  and  magnificent  temple  is  one  of  the 
largest  in  Egypt,  and  is  in  comparatively  good  preservation. 
Its  form  is  rectangular,  and  its  general  dimensions  450  feet 
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by  140  feet.  In  the  centre  of  <»e  of  the  sides  Is  the  entranee 
between  two  doping  towers,  100  ftet  in  length  bj  32  feet  in 
width,  on  the  sorfece  of  which  are  represmted^ome  colossal 
fignies;  and  above  these  are  two  rows  of  smaller  ones,  sup- 
posed to  be  the  divinities  of  the  temj^e,  receiving  the  oiler* 
ings  of  the 'Ptolemies.  Witlun  is  a  coort,  snrronnded  by  a 
colonnade  on  three  sides,  and  on  the  side  iiacing  the  entrance 
is  a  beantifnl  pronaos  or  portico,  of  eighteen  columns:  beyond 
this  is  another  of  smaller  dimennons;  and  forther  on  are  the 
walls  which  protect  the  sanctuary  and  its  dependencies:  these 
are  so  completely  filled  up  with  sand  and  soil,  that  it  is  nearly 
impossible  to  reach  them.  All  the  columns,  finezes,  and  cor- 
nices, and  the  whole  surfaces  of  the  walls,  inade  as  well  as 
out,  both  of  the  pronaos  and  court,  are  covered  with  symboli- 
cal sculptures,  hieroglyphical  inscriptions,  and  representations 
of  ofTerings  to  their  divinities. 

Of  all  the  works  of  the  ancient  Egyptians,  those  which  have 
caused  the  greatest  wondar  to  the  world  at  large  are  the 
Pyramids  of  Gizeh,  supposed  by  Sir  Gardner  Wilkinson  to 
>»ave  been  erected  2120  years  b.c*  Herodotus  dates  the 
Great  Pyramid  about  900  years  b.g.,  or  about  450  years 
before  he  visited  Egypt.  Chevalier  Bunsen  places  them 
about  2000  years  before  that  period;  and  this  is  confirmed 
by  the  opinions  of  Champollion  and  Rosellini. 

The  Great  Pyramid,  said  to  have  been  built  by  Cheops,t  is 
700  feet  square  at  the  base,  and  4t0  feet  in  height;  the  secbnd 
is  650  feetsquare,  and  160  feet  in  height;  the  third,  400  feet 
square,  and  160  feet  in  height  About  800  paces  from  the 
second  pyramid  stands  the  gigantic  statue  of  the  Sphinx, 
whose  length,  from  the  forqmrt  to  the  tail,  has  been  found  to 
be  125  feet.  Belzoni  cleared  away  the  sand,  and  found  a 
temple  between  its  legs,  and  another  in  one  of  its  paws. 

The  mechanical  skill  of  the  Egyptians  is  shown  in  their 
quarrying  and  working  stone;  and  the  means  that  must  have 

•  And  attributed  by  him  to  Suphis  and  Sen-iupUs. 
t  ISm  oth«r  tiro  bj  CtpfarcaM  nad  K(y«wiaM. 
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been  used  to  convey  sadi  imiMiifle  HookB  ot  stone  as  we  find 
in  their  works,  from  qoarrieB  sitoated  at  a  difitaoee  fr<mi  thenit 
natnrally  surprise  ns. 

The  obelisks  of  Thebes  and  Heliq>ol]s  vary  in  size  from  TO 
to  9S  feet  in  length,*  and  are  bailt  of  one  stone.  The  largest 
in  Egypt,  which  is  at  the  great  temple  at  Kamac,  is  calcnlated 
to  weigh  297  tons,  and  was  brooght  about  138  miles  from 
the  qnarry.  Those  at  Heliopolis  passed  over  a  space  of  800 
miles. 

The  two  colossal  statues  in  a  sitting  attitude  (one  of  which 
is  the  Yocal  Memnon),  are  each  of  a  single  block,  4t  feet  in 
height,  and  contain  11,500  cubic  feet:  they  are  carred  from 
stone  not  known  within  several  days' journey  from  the  place 
where  the  statues  are  found;  and  at  Memnonium  is  a  colossal 
statue,  which,  when  entire,  weighed  88t  tons.  The  raising 
of  the  obelisks  is  considered  a  fSar  greater  test  of  mechanical 
skill  than  the  transport  of  these  prodigious  weights;  but  into 
the  mode  that  was  adopted  we  have  no  insight  from  any  re- 
presentations yet  discovered. 

Of  the  taste,  style,  and  character  of  Egyptian  Architecture, 
little  can  be  said  beyond  admiration  at  the  immensity  of  the 
works,  and  the  patience  with  which  they  must  have  been 
accomplished 

The  masses  of  material  which  the  country  produced 
measured  their  efforts  and  conceptions,  and  their  inven- 
tion was  exhausted  by  a  very  restricted  number  of  combi- 
nations. 

Their  monuments  are  admirable  for  grandeur  and  solidity, 
and  they  have  a  truly  imposing  effect;  but  we  can  only  con- 
sider them  as  part  of  the  history  of  Architecture  and  Art, 
because  the  ornaments  and  sculpture,  originating  from  a  symr 
bolical  religion  peculiar  to  the  Egyptians,  admit  of  no  revival, 
even  were  art  more  immediately  connected  with  them. 

The  columns  are  evidently  a  representation  of  a  bundle 
of  reeds  or  lotus-stems,  tied  tc^ether  at  the  top  and  base,  the 

•  9g  GwdMr  WilU&Mn'i  **  MuMcft  and  Cwtowi  of  th*  Aattant  SgjpH^a^" 
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leaves  of  which,  as  well  as  those  of  the  pahn,  are  chiefly  used 
in  omamenting  the  cajHtals. 


CHAPTER  it 

Ortcian  Architecture. 


ABCHiTEcruRE  and  Art  have  been  always  progressive,  and 
have  not  appeared  at  once  in  foil  perfection;  yet,  in  oar  ad- 
miration of  their  perfection,  we  do  not  always  consider  the 
history  of  their  progression,  or  the  sources  from  whence  they 
sprang.  No  style,  with  the  exception  of  the  Egyptian,  was 
the  spontaneous  growth  of  the  soil  on  which  it  floorished,  or 
proceeded  directly  from  the  nations  that  practised  it;  the 
the  germs  of  all  other  styles  were  borrowed  from  people 
whose  habits  and  religious  customs  were  totally  dissimilar; 
and  its  advances  or  improvements  were  the  natural  results 
of  civilization,  caused  by  intercourse^^with  other  nations  in 
times  of  peace,  or  by  the  adoption  of  all  that  was  worthy 
of  unitation  in  conquered  states,  during  the  incessant  wars 
that  were  carried  on  in  the  eastern  parts  of  the  world. 

Thus  was  it  with  the  much-admired  Architecture  and  Arts 
of  Greece  and  Rome,  so  that  centuries  elapsed  ere  any  thing 
worthy  of  those  terms  was  to  be  found  in  either  empire. 

Greece  was  divided  into  a  number  of  petty  states,  which,  in- 
dependent of  each  other,  and,  therefore,  necessarily  rivals,  sur- 
rounded themselves,  as  a  means  of  protection,  with  thick  walls, 
long  before  they  had  learned  the  art  of  building  temples,  and 
when  their  huts  or  houses  were  of  the  rudest  character.  The 
first  erections  were  their  acropoles,  invariably  situated  on 
eminences  which  were  converted  into  citadels,  and  served  for 
places  of  security  when  the  population  became  too  numerous 
to  remain  in  them,  and  had  spread  themselves  over  the  sur- 
rounding plains.  The  acropoles  usually  contained  all  things 
of  the  greatest  value  to  the  community,  such  as  the  public 
treasures,  the  archives,  and  the  temples  of  the  tutelary 
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diTiniiieB;  indeed,  tliey  were  to  the  Greeks  what  the  capitoI 
was  to  the  Romans. 

The  oldest  remains  of  walls  and  acropoles  exist  at  TSryns, 
or  Tyrinthus,  and  Mjeeoxb,  near  Argos,  in  the  Morea,  and  are 
Mdd  to  haye  been  boOt  by  the  Cydopes,  atribe  which  is  sup- 
posed to  have  arrired  from  Thrace  or  PhcBnida,  and  settled 
in  Asia  Minor.  The  date  of  the  masonry  is  sopposed  to  be 
coeTsl  with  the  time  of  Abraham,  who  arrired  in  Canaan  b.  o. 
191T  *  Sir  William  Gell  makes  the  date  of  the  bnildings  b.  c. 
Idt9.  An  that  at  present  exists  of  Tiryns  consists  of  portions 
of  the  walls  of  the  acropolis,  which  are  from  21  to  25  feet  in 
thickness,  and  45  feet  in  height,  bnilt  of  tremendons  blocks 
of  stone,  from  10  to  13  feet  long,  and  4  feet  4  inches  thick.  In 
the  thickness  of  these  walls  are  two  ranges  of  galleries,  each  5 
feet  broad  and  about  12  feet  high:  the  shape  of  these  passages 
is  triangolar,  the  rides  sloping  npward  nntil  they  meet.  This 
form  was  obtained  by  making  the  horizontal  conrses  of  mason- 
ry project  one  beyond  the  other,  the  edge  of  each  conrse  being 
spteyed  off  so  as  to  give,  from  the  interior,  very  mnch  the 
apppearance  of  a  kind  of  arch  having  been  constructed.  They 
probably  conducted  round  the  whole  of  the  citadel,  and  were 
used  as  shelters  for  the  garrison  during  the  night  or  bad 
weather.  Mr.  Woodsf  says,  that  no  tool  seems  to  have  been 
applied  to  the  stone,  but  that  the  rude  masses  are  merely 
heaped  on  one  another,  taking  care  in  the  position  of  each  suc- 
cessive block  to  place  it  where  it  would  most  exactly  fit  into- 
the  work,  and  most  probably  keeping  the  smoothest  side  out- 
wards to  form  the  face  of  the  work.  The  workmanship 
of  these  walls  is  nothing  more  than  that  of  the  modem  fencing 
without  mortar,  the  interstices  between  the  larger  stones  being 
filled  up  with  others  of  smaller  size,  unworked,  and  merely 
heaped  on  one  another.  Pausanias  informs  us,  that  when  the 
Argives  attempted  to  destroy  Tiryns,  the  walls  were  so  strong 
that  they  could  not  throw  them  down:  he  also  describes  them 

•  Fosljrok^. 

t  "  Letters  on  Arcliitectaro,*)  2  toU.  4to. 
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to  be  equally  worthy  of  admiratioB  witili  the  Pyramide  of 

Bgyptf 

The  next  city  connected  wit^  Greece  that  demands  onr 
notice,  on  account  of  its  early  fortifications  and  acropolis, 
of  which  parts  exist  at  the  present  time,  is  Mycene,  near 
Argos,  likewise  boilt  by  the  Cyclopes,  or  by  Myceniens, 
B.  0.  1700,  and  considerably  enlarged  by  Persens  about 
B.  G.  1390.  The  walls  of  this  city,  like  those  of  Tiryns,  are 
in  some  places  built  of  rongh  stones,  from  8  to  9  feet  in 
length:  when  entire,  they  must  have  been  60  feet  high, 
although  at  present,  in  the  most  perfect  part,  l^eir  height  is 
only  43  feet.  The  general  thickness  is  21  feet,  but  in  some 
places  25  feet,  and  they  are  mostly  constructed  of  well- 
jointed  polygonal  stone.  Some  remains  of  towers  are  dis- 
cernible. 

"  The  Gate  of  the  Lions"  owes  its  celebrity  to  the  basso- 
relicYO  by  which  it  is  surmounted,  the  sulject  of  which  is 
two  lions,  with  their  fore-paws  restmg  on  a  pedestal:  from 
this  the  gateway  takes  its  name.  This  sculpture  (on  a 
triangular  stone  over  the  architraye)  is  the  most  ancient 
specimen  of  this  kind  of  Grecian  art;  it  is  10  feet  6  inches 
wide  at  the  base,  and  9  feet  in  height:  between  the  lions  is 
a  semi-circular  pillar,  bearing  some  resemblance  to  the  Doric 
Order,  although,  contrary  to  the  general  usage,  it  increases 
in  size  from  the  bottom  to  the  top.  The  date  of  this  sculp- 
ture is  supposed  by  some  to  be  nearly  coeral  with  the  other 
part.  Pausanias  mentions,  that  in  his  day  it  was  reported 
to  be  the  work  of  the  Cyclopes:  however  this  may  be,  there 
can  be  little  doubt  but  that  it  is  the  oldest  specimen  of  Gre- 
cian sculpture  now  existing.  The  architrave  over  this  gate 
is  of  one  stone,  15  feet  long,  and  4  feet  4  inches  in  height, 
and  in  it  are  visible  sockets  of  about  3  inches  in  diameter, 
which  received  the  pivots  upon  which  the  gates  turned. 

t  ar  WOlUm  G«U  slates,  that  on  the  centre  of  the  architrave  of  the  gates  an 
holes,  whieh  leads  him  to  suppose  that  the  gates  were  hung  from  larfs  otatnl 
piTots,  so  that  one  side  opened  inwards,  while  the  others  adranoed. 
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We  may  here  mention  a  sabterranean  boDding  at  Myceiue, 
known  as  the  Treasiiry  of  Atrens,  the  father  of  Agamemnon  :* 
the  principal  chamber  Is  of  a  drcolar  form,  48  feet  in  diam* 
et^,  and  abont  49  feet  in  height.  The  covering  of  this 
building  has  the  appearance  of  the  inside  of  a  dome,  which 
has  led  some  authors  to  suppose  that  the  arch  was  known 
in  Greece  at  a  very  early  period  ;  but  it  is  now  ascertained 
that  the  principle  of  the  arch  does  not  exist  in  it,  as  the 
construction  is  the  same  as  in  the  arched  passages  at  Tiryns: 
the  courses  are  horizontal,  each  projecting  beyond  the  othst, 
with  the  lower  angles  cut  away  until  they  meet  at  the  apex, 
which  consists  of  one  very  large  stone.  Beyond  this  is  a 
vault  or  inner  chamber,  in  the  walls  of  which,  as  well  m 
those  of  the  larger  chamber,  are  a  number  of  bronze  nails, 
which  in  all  probability  were  used  to  fasten  plate  of  metal 
to  the  walls ;  a  custom  doubtless  resorted  to  on  some 
occasions,  as  we  read  of  "  brazen  chambers^  and  "  bra- 
zen   temples."f      The  courses  of    stone  in    this   build- 

*  Atreofl  eaae  to  the  throne  of  Axyos  927  b.  c 

t  Th«re  are  other  inataiioee  of  f  abterraneotti  chamben  beliif  Uaed  wtth  thJa 
piatee  of  metal ;  that  at  Aigos,  in  which  Aerleiua  eoaOned  his  daughter,  wae  prob- 
ably stnihtr  to  thoM  of  the  a^Uooent  rira!  eit7.~yide  Dooaldeon*!  *  DoMription  of 
the  SaMerraaeaa  Chamber  at  ItyeeiMB.' 
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ing  are  regnlar, 
althoagh  of  un- 
eqoal  size,  and 
laid  without  ce- 
ment :  the  lintel 
of  the  door  is  of 
one  piece  of 
stone,  of  abont  j 
27  feet  long,  17 
feet  wide,  and 
8  teet  9  inches 
thick,  and  is 
calculated  to 
weigh  abont  133 
tons  ;  a  mass  of 
stone  to  which 
none  can  be 
compared,  ex- 
cepting those 
used  m  Egypt.* 
Notwithstand- 
ing the  magni- 
tude of  these 
works,  the  sci- 
ence of  Mechan- 
ics was  in  its  in- 
fancy, and    the 


*  *  Mr.  Donaldton  lUtet  that  "  then  are  numerous  bnUdiagt  and  ezcaTattoof 
^  BSTP^  Sfeilj,  and  Italj,  constructed  in  a  manner  aimllar  to  this  tubterraneontf 
chamber.  In  the  Memnonium  at  Thebes  is  an  oblong  chamber,  corered  by  a  semi 
eireular  raulting,  the  stones  of  which  hare  horixontal  courses  projecting  beyond 
eaeh  other  as  they  adraaoe  In  height^  so  as  to  produce  that  cnnrilinear  form. 
Near  Noto  in  iJleUy,  in  the  dUtrict  of  Fkloonara,  on  the  road  from  MiUteUo  to  Tisai; 
also  In  Sardinia,  where  these  chambers  are  known  by  the  name  of  Norages  ;  and  at 
Tuseulum,  near  Rome,  the  same  construction  exists  ;  but  In  none  of  these  do  we 
possess  snch  correct  dates  as  Pansanias  and  history  itself  fttmlsh  of  those  of 
(^eomennt  and  Myoenss.»»— Vide  supplementary  rolnme  to  the  'Antiquities  of 
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Oreeks  bestowed  but  little  attention  on  their  privste  hooBes: 
■II  the  splendor  and  magnificence  of  art  was  reserred  for  the 
•nbelUshment  of  their  temples  and  other  public  bofldings.* 
The  most  splendid  period  of  the  Orecian  history  was  be- 
tween the  sixth  and  foarth  centuries  before  the  Christian 
era,  daring  the  time  of  the  wars  that  were  carried  on  be-., 
tween  the  Persians  and  the  principal  states  of  Greece,  and 
to  which  the  greatest  prosperity  of  the  Athenians  may  be 
attribated:  literature  was  cultiyated,  and  the  arts  of  archi- 
tecture and  sculpture,  which  were  employed  to  ornament  the 
dty,  were  carried  to  a  degree  of  excellence  that  has  nerer 
been  surpassed.  Greece  was  conquered  by  the  Romans  146 
B.  c,  and  became  a  Roman  proTtnce,  although  Athens  and 
Delphi  were  declared  as  free  towns.  Its  history  from  this 
period  is  without  interest  to  us  in  our  inquiry  into  the  pro- 
gress of  art.f  It  was  oyerrun  by  the  Goths  in  267  a.  d., 
and  again  in  898  a.  d.  under  Alaric;  and  after  being  occu- 
pied by  the  Crusaders  and  Yenetians,  at  last  fell  into  the 
power  of  the  Turks,  on  the  conquest  of  Constantinople.1 


CHAPTER  III. 

Roman  Architecture. 
Ths  Architecture  of  the  Romans  can  scarcely  be  said  to 
be  original ;  it  was  unquestionably  borrowed  from  the 
Etruscans.  Etruria,  a  city  of  Italy  now  called  Tuscany,  is 
supposed  to  hare  been  a  colony  of  Greece.  This  opinion  has 
been  formed  by  the  great  solidity  of  the  walls  that  surround 
their  dties,  consisting  of  enormous  blocks  of  stone,  similar 

«  One  runark  mkj  not  b«  out  of  place  bere^  which  will  explain  the  mode  of 
deciding  on  the  date  of  the  temples,  rlx.,  that  in  the  earliest  thn  diameter  of  the 
eolauDS  vae  greater  in  propoHioa  to  their  height,  and  the  intercolumnlatlons 
were  less,  than  thoss  of  a  later  period. 

t  See  page  905  for  faither  descriptions  of  Oiedaa  Anbttoetoia. 

X  The  eluac*,  or  sewers,  which  extended  nnder  the  whole  ef  Rone,  wen  a  woik 
on  which  tisM  and  expense  were  not  epared ;  chef  were  of  wroaght  stone,  and  in 
heighi  and  breadth  were  eo  ooasideraUe  that  a  cart  loaded  with  hay  ooild  pass 
Ihrsnghthem 
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to  the  masonry  of  the  Cjclopes,  and  said  to  be  coeral  with 
the  walls  <^  Tirjns,  Mycens,  and  other  works  of  a  very  early 
age.  The  instmction  in  the  art  of  boilding  that  the  Romans 
received  from  the  Etmscans  was  not  probably  before  the 
time  of  the  Tarqnins,  540  b.  c,  when  their  edifices  began 
to  be  constructed  on  fixed  {Hrinciples.  The  first  Tarquin, 
who  was  a  native  of  Etmria,  did  much  towards  the  unprove- 
ment  of  Borne,  and  brought  from  his  native  coontry  a  taste 
for  that  grandeur  and  solidity  which  prevailed  in  the  Etms- 
can  works.  Under  his  reign  the  city  was  fortified,  and  the 
walls  built  of  hewn  stone.  The  reign  of  the  second  Tarquin 
was  dlstingnised  by  the  erection  of  temples,  schools  for  both 
sexes,  and  halls  for  the  administration  of  justice  :  this  was 
about  508  b.  c.  :  but  to  Tarquinius  Superbus,  the  seventh 
and  last  king,  Rome  was  indebted  for  its  greatest  improve- 
ments ;  he  continued  the  building  of  the  temj^e  of  Jupiter 
Capitolinus,  finished  the  Circus  and  other  public  buildings, 
and  made  a  regular  drainage  of  the  city  to  the  Tiber.  "^ 

It  will  be  impossible  to  trace  the  Architecture  of  the 
Romans  through  its  various  stages  between  the  time  of  the 
last  king,  508  b.  c,  and  the  subjugation  of  Greece  by  that 
people  in  145  b.  c,  a  period  of  363  years.  The  disputes 
in  which  they  were  continually  engaged  left  little  leisure  for 
the  arts  of  peace.  During  the  time  that  Appius  Claudius 
was  Censor,  about  309  b.  c,  the  earliest  paved  road  was 
made  by  the  Romans ;  it  was  first  carried  to  Capua,  and 
afterwards  continued  a  length  altogether  of  350  miles :  it 
was  paved  with  the  hardest  stone,  and  it  remains  entire  at 
the  present  day.  To  Appius  Claudius  belongs  the  honor  of 
raising  the  first  aqueduct :  the  water  with  which  it  supplied 
the  city  was  collected  from  the  neighborhood  of  Frascati, 
about  100  feet  above  the  level  of  Rome. 

The  materials  for  carrjong  on  a  continuous  investigation 

*  W«  have  beea  eompelled  to  go  into  the  general  hlatory  of  the  nations  In  which 
Arehitccture  has  originated,  as  it  Is  nearly  impossible  to  giro  the  history  of  one 
without  the  other.  An  iavrovement  in  art  has  loTarlabfy  been  caused  bj  s 
great  change  in  the  policy  orTcUgion  of  nations. 


or  Awamaorow.  67 

of  tbe  styles  of  the  RoDMa  binUiiigv  aie  so  aoBOtf,  tbat  we 
will  not  detain  the  reader  with  useless  speculations,  but  at 
onoe  proceed  to  that  period  when  Greece  was  reduced  to  a 
Roman  proTince,  145  b.  c.  Art,  in  the  strict  application 
of  that  word,  was  not  |voperly  understood  by  the  yietorious 
Romans  at  this  time;  but  after  a  succession  of  triumphant 
wars,  when  immense  treasure  was  brought  to  Rome,  and 
they  wished  to  celebrate  th^  Tictoriee,  there  became  a 
necessity  for  erections  to  record  them,  and  the  riches  that 
were  amassed  were  eiq»ended  in  the  adornment  of  Rome. 

The  Greek  Architects  who  settled  in  Italy  executed  works 
of  great  beauty;  tl^ey  founded  a  school  of  art,  and  modified 
that  which  were  practised  in  their  own  country,  to  suit  the 
habits,  taste,  and  climate  of  the  Romans.  The  Romans 
were  at  ail  times  anxious  to  subjugate,  for  their  own  purposes^ 
tiiose  nations  that  successfully  cultiyated  the  arts;  a  motiye 
which,  joined  to  the  desire  of  aggrandizement,  induced  them 
at  a  very  early  period  to  carry  their  arms  against  the  Etrus- 
cans, who  were  in  a  far  higher  state  of  civilization  than  tfaem- 
selyes.  We  find  that  they  drew  supplies  of  artists  firom  Sicily, 
Asia  Mindr,  and  Greece,  instead  of  employing  their  own 
citizens.  Although,  in  Rome,  Architecture  lost  its  simplicity, 
it  gained  in  magnificence:  it  there  took  a  deeper  root  than 
the  other  arts,  from  its  affording,  by  the  dimenaons  of  its 
monuments,  more  qplendor  to  the  character  of  so  dominating 
a  nation. 

The  first  effort  of  Architecture  was  shown  in  the  temple 
reared  to  Minerra  at  Rome,  by  Pompey  the  Great,  about 
60  years  b.  c.  The  yillas  of  the  Romans  were  at  this  period 
of  considerable  extent:  the  statnes  of  Greece  had  been 
required  for  their  decoration,  besides  a  plentiful  supply  of 
all  that  Greek  art  afforded.  We  find  that  Cicero  was  in  the 
habit  of  employing  two  Greek  architects,  Ohrysq>pus  and 
Clautius,  on  Ids  buildings. 

The  first  permanent  theatre  that  existed  in  Rome  was 
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built  by  Pompey,  64  b.  o.,  and  was  capable  of  contaiiiiiig 
40,000  persons. 

In  the  time  of  Angostns  (from  80  b.  c.  to  14  a.  d.)  we 
find  that  the  Italian  buildings  attained  a  pdnt  of  magnifi. 
cence  far  beyond  all  that  preceded.  The  conquest  of  nearly 
the  whole  of  the  then  known  world,  added  to  a  general 
peace,  allowed  the  sorereign  to  turn  his  thoughts  to  the 
improYement  of  his  country;  and  a  constellation  of  illustrious 
philosophers  and  poets,  who  shone  at  this  time  in  the  metrop- 
olis oi  the  empire,  gave  the  minds  of  the  people  an  inclination 
towards  subjects  more  useful  and  hcmorable  than  the  conquest 
of  remote  and  unoffending  nations.  The  patronage  of  litera- 
ture with  the  fine  arts  by  Augustus  (ffoduced  the  most 
brilliant  results,  and  has  caused  a  veneration  for  the  age  in 
which  he  lired.  The  perfection  which  literature  and  archie 
tecture  attained  during  his  dominion  effected  more  towards 
immortalizing  Rome  than  all  the  conquests  of  its  emperors, 
and  raised  its  inhabitants  to  a  state  of  ciyilization  neyer 
before  equalled.  By  him  was  erected  the  temple  and  forum 
of  Mars  the  Arenger,  the  theatre  of  liCaroellus,  and  a  large 
number  of  other  public  buildings.  His  boast  was  not  a  rain 
one,  when  he  asserted  that  he  found  his  capital  buQt  of  brick, 
and  he  left  it  of  marble. 

Nero  was  the  next  enq^eror  (with  the  exception  of  Clau- 
dius*) who  seemed  to  have  given  his  attention  to  Architec- 
ture; but  his  buildings  must  be  considered  more  as  monu- 
ments of  his  prodigality  and  expenditure  than  of  correct 
taste.  A  palace  was  erected  for  him,  than  which  nothing 
could  be  more  gorgeous,  nor  could  the  pomp  of  decoration 
be  carried  further. 

The  reigns  of  Yespasiaa  and  Titus  are  justly  celebrated 
by  the  erection  of  baths  and  amphitheatres  of  such  magni- 
tude as  to  astonish  the  world,  and  to  which  nothing  of  their 

•  Daring  th«  raign  of  Oftadioi,  one  of  th«  floMt  aqaedaeta  of  Bomo  wma  com- 
plc4«d,  wboM  length  is  46  miles,  and  the  wmter  passes  orer  arehea  imised  man 
than  100  flMt  from  the  torfMe  of  the  ground  for  nearlj  10  nita  of  it 
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kind,  tiUbex  before  or  siiice,  wOl  bear  compunoit  The  Co- 
lifieimi,  so  named  from  its  gig^tic  dimensions,  was  com- 
menced and  finished  hj  Yespasian  and  Titos:  it  was  capaMe 
of  containing  109,000  spectators,  who  conld  tiew  the  sports 
and  combats  in  the  arena.  The  baths  of  Titos  wwe  among 
the  wonders  of  the  age;  but  their  remains  are  not  so  perfect 
as  those  of  others,  although  they  are  still  majestic*  The 
Temple  of  Peace,  the  largest  covered  boilding  of  antlqoitj, 
and  another  temple  dedicated  to  Minerra,  of  the  richest  and 
most  exquisite  workmanship,  were  erected  at  this  time,  from 
70  to  81  AJ). 

To  giro  a  further  description  of  the  boildings  of  andent 
Rome  would  be  unnecessary,  as  our  object  is  only  to  treat 
of  tiie  history  of  the  Styles  of  Architectore,  to  show  the 
periods  at  which  they  attained  their  greatest  excellence,  and 
to  trace,  as  far  as  possible,  the  connection  of  one  with  the 
other.  We  therefore  pass  over  the  reigns  of  Trajan  and 
Hadrian,  celebrated  for  some  fine  architectural  woiks,  and 
proceed  to  the  styles  that  sprung  up,  on  the  decline  of  the 
empire,  among  those  nations  that  borrowed  thdr  first  prin- 
ciples of  art  from  the  Bomans. 


CHAPTEB  IT. 
Byzanthun  and  Romanesqns. 
From  the  time  pf  Hadrian,  117  A.n.,  to  that  of  Constan* 
tine,  a  general  decline  in  the  Arts  took  place,  which,  how- 
ever, seemed  to  revive  in  the  reign  of  the  emperor,  and  many 
proofs  are  still  extant.  The  churches  that  were  buHt  imme- 
diately after  Constantine's  espousal  ci  the  Christian  faith. 
The  basilicsB,  or  halls  of  justice  of  the  ancient  Romans,  were 
undoubtedly  the  types  from  which  these  churches  were  taken; 
and  the  ruins  of  these  buildings  were  often  the  materials 
used.    The  columns  that  divide  the  centre  of  the  church 

*  The  tetht  of  BloelotUn,  erected  294  a.  d.,  were  of  great  extent  and  mmgaUL 
MDoe.  sBdue  fai»  biMar  ita^  of  preeerrstioB  thaa  thoee  of  Tttai. 
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were  often  taken  ftom  old  bnOdinge-HBome  were  reduced  in 
height,  others  were  monnted  on  pedestala  to  rait  the  por- 
poees  to  which  thej  were  applied. 
Among  the  edifices  demanding 
notice  are:  the  baaOkna  of  St. 
Olement  at  Rome,  said  to  be 
bnllt  on  the  spot  occupied  hj  St. 
Clement,  the  immediate  raccessor 
of  St.  Peter.  This  is  the  onlj 
edifice  <^  this  style  which  we  can 
describe  in  this  work.  It  is  en- 
tered bj  a  conrt,  which  is  sniv 
roimded  by  porticoes  and*  sup- 
ported by  columns  Mid  piers;  on 
the  sides  parallel  to  the  front  of 
the  church  arches  spring  from 
the  columns,  but  on  the  others 
there  are  only  architraTes.  Un- 
der the  portico  nearest  the  tem- 
ple were  placed  the  holy-water- 
yases,  until  in  after  times  they 
were  removed  in  the  body  of  the 
church  at  the  western  door.  The 
centre  part  of  the  atrium  was  then 
used  for  burial  purposes.  The 
sacristy,  like  all  Christian 
churches  then,  was  semicircular 
in  plan,  and  the  altar,  the  throne  for  the  bishop,  and  exedra, 
or  benches  for  the  priests.  It  was  surmounted  by  a  half- 
cupola,  the  front  of  which  Is  richly  ornamented  with 
marble  and  paintings  of  Christ  and  the  Saints.  The 
cupola  is  covered  with  paintings  of  foliage  on  a  gold  ground; 
the  remainder  of  this  semicircular  part,  known  by  the  name 
of  "apsis,''  is  richly  ornamented  with  figures  of  the  Saints. 
On  each  side  of  the  apsis  were  smaU  apis  sides.  One  of 
them  WW  caUed  the  vestiarium,  and  contained  the  priests' 


robes  and  the  coiiflecrated  vetsels;  the  other,  the  evaHgeHwo, 
receired  the  sacred  booka,  charters,  &c.  &c.  This  arimiige- 
ment  still  exists  in  Greece.  The  chancel,  which  was  used  by 
the  inferior  ecclesiastics,  and  contained  the  pulpit  and  am- 
bones,  was  sitnated  in  front  of  the  apsis,  and  enclosed  bj  a 
low  partition  of  marble;  it  is  raised  one  step  from  the  leTd 
of  the  chorch.    The  floor  is  decorated  with  mosaics. 

The  Church  of  St.  Sophia  was  consecrated  May  380.  It 
is  built  like  a  Grecian  cross.  It  cost  one  million  dollars.  - 
Besides  this,  Constantine  built  25  churches.  The  cathedral 
at  Pisa,  in  Italy,  was  built  700  years  after  that  of  St.  So- 
phia. Its  plan  is  the  Latin  cross.  The  lenfpth  is  804  feet, 
and  the  width  107 ;  the  transrerse  branch  is  234  feet  by  55 
feet  in  width.  A  detailed  account  we  cannot  give — a  mere 
sketch  is  all  we  ]Mromlsed. 


OHAFTEB  V. 

The  Architecture  of  Germany,  Frarice,  and  Normandy. 

Ths  sacredness  of  religious  edifices  seems  to  haye  protected 
them  from  demolition  and  the  hand  of  the  destroyer. 

Germany  lays  claim  to  churches  of  antiquity  superior  to 
those  of  any  other  country  this  side  of  the  Alps:  those  exist- 
ing of  the  tenth  and  eleventh  centuries  are  yery  important 
in  the  history  of  the  art,  and  testify  extracHrdinary  solidity 
and  magnificence.  Such  are  the  churches  of  Spire,  Mentz, 
and  Worms.  That  of  Spire  was  founded  by  Oonntd,  in  1030 ; 
the  east  end  of  that  at  Worms,  still  earlier,  was  commenced 
m  996,  and  the  building  was  consecrated  in  1016;  the  oldest 
part  of  the  cathedral  of  Mentz  is  said  to  be  of  the  date 
of  Archbishop  WiUigris,  between  978  and  1009. 

One  of  the  most  instmetiye  as  well  as  the  most  ancient 
of  these  churches  is  that  at  Worms,  now  in  a  yery  perfect  state 
of  preseryation.  The  plan  is  strongly  distinguished  by  the 
cross ;  the  piers  separating  the  nave  frt)m  the  aisles  are  square, 
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with  oolnmns  at  alternate  piers,  to  eany  tbe  stone  Tanlting, 
which  embraces  two  compartments  of  tiie  lateral  arches  be- 
tween each  groin  or  rib.  The  east  end  is  sqnare  on  the  face 
externally,  but  semicircolar  inside;  thus  retaining  one  of  the 
principal  features  of  the  Romanesque  basilics.  On  each  side 
are  circnlar  turrets  containing  staircases,  and  conresponding 
with  two  at  the  west  end,  although  of  somewhat  larger 
dimensions.  The  entrances  are  in  the  north  and  south  sides, 
and  nearer  the  transepts  than  the  west  end.  This  arrange- 
ment is  quite  at  variance  with  all  preceding  buildings;  as 
instead  of  the  three  doorways  at  the  west  front,  there  is  an 
apsis  of  the  form  of  three  sides  of  an  octagon,  which  is  used 
as  a  chapel.  At  the  intersection  of  the  nave  and  transepts 
springs  an  octagonal  tower,  which  is  scarcely  higher  than  the 
nave  roof,  and  covered  with  a  cupola:  the  turrets  are  carried  to 
a  great  height,  and  terminate  conically.  This  church,  as  well 
as  those  of  the  same  date,  is  vaulted  with  stone  throughout, 
which  caused  the  introduction  of  the  shaft  on  the  face  of  the 
piers,  and  is  one  great  deviation  from  the  arrangement  of  the 
Roman  basilicse,  which  were  covered  with  horizontal  ceilings; 
or  else  the  wooden  roofs  were  left  exposed,  whidi  rested  on  the 
walls,  having  no  relation  vertically  to  the  substructure. 

The  church  of  St.  Castor,  at  Coblentz,  part  of  which  was 
built  in  the  eleventh  century,  is  likewise  executed  witb  semi- 
circular arches,  which  spring  from  square  piers,  to  each  face 
of  which  a  square  column  is  attached.  This  may  be  considered 
as  one  of  the  steps  leading  towards  the  clustered  columns, 
which  graduaUy  were  introduced  into  the  naves  of  all  churches 
throughout  the  western  part  of  Europe. 

The  early  German  churches,  although  differing  considerably 
from  each  other  in  their  general  plan,  still  retain  peculiarities 
that  are  not  to  be  seen  in  those  of  other  countries,  though 
erected  about  the  same  period,  or  rather  later.  Tlie  octa- 
gonal form  of  the  apsides  and  turrets,  and  th^  enrichments 
generally  retaining  a  primitive  character,  made  their  Lom- 
bardic  origin  perceptible.  The  square  piers  which  suf^rt  the 


save  aiehea  OTince  a  direct  d^Nirtiire  from  the  Italkm  types; 
there  is  likewise  a  prevalence  of  rectangular  faces  and  sqnare- 
edged  projections.  This  general  simplicity  may  be  well  ao- 
Goanted  for,  when  we  consider  that  the  chief  impressions  were 
receired  from  Romanesque  examples,  whidi  were  simplified 
from  necessity,  as  there  was  great  deficiency  in  knowledge 
of  art,  although  no  inferiority  in  mechanical  skill. 

In  the  cathedral  of  Worms  we  find  the  pointed  arch,  which 
was  not  introduced  generally  until  a  century  after  the  erection 
of  that  building;  therefore,  if  this  was  not  added  subsequently, 
it  confutes  many  of  the  theories  as  to  the  causes  and  dates 
of  its  introduction. 

The  church  of  Qelnhausen,  in  Suabia,  which  was  built  in 
the  beginning  of  the  thirteenth  century,  is  one  of  the  earliest 
German  churches  in  which  a  positive  change  of  style  is  per- 
ceptible throughout;  although  in  many  of  those  of  the  eleventh 
and  twelfth  centuries  there  exists  deviations  from  the  unity 
of  the  designs  which  are  difficult  to  be  accounted  for. 

The  heads  of  the  windows,  instead  of  being  semicircular, 
are  of  the  lancet  form,  with  cusps,  and  diiRr  from  the  pro- 
portions before  adopted  by  being  long  and  nairow.  The 
arches  and  windows  in  the  nave  have  trefoOed  heads,  and 
the  windows  of  the  central  tower  possess  a  marked  distinc- 
tion from  the  earlier  arrangements,  having  the  three  aper- 
tures with  trefoils  inscribed  in  a  semicircular  top,  and  sepa- 
rated by  muUions. 

The  church  of  St.  Catherhie  at  Oppenheim,  commenced 
in  1262,  resembles  in  plan  that  of  Worms,  being  in  the  form 

>  of  a  Latin  cross,  and  having  semi-octagonal  chancels  at  the 

east  and  west  ends.  The  latter  is  of  a  subsequent  date,  and 
was  not  consecrated  before  1489.    This  peculiarity  is  ob- 

I  servable  in  several  other  churches  in  Germany:  the  entrances 

I  are  on  the  north  and  south  sides. 

!  The  cathedral  of  Strasborg,  which  was  begun  in  122T, 

I  and  brought  to  its  present  state  in  1439,  holds  the  first 

'  rank  among  the  Gothic  churches  of  the  Continent,  in  pcrint 

I  1 
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of  the  bigh  degree  of  enrichment  which  preraOs  tfaronghoot 
The  length  of  the  bodj  of  the  church  is  324  feet,  and  the 
height  of  the  nave  yanlt  is  98  feet.  The  western  facade 
IB  divided  into  three  parts,  verticaily,  bj  buttresses  richly 
ornamented  with  canopies  and  statnes.  The  three  entrances 
are  crowned  by  crocheted  gables,  and  the  direiging  sides  of 
the  doorways  are  completely  filled  with  niches  and  statues. 

This  cathedral  has  but  <Hie  of  its  spires  completed,  which 
is  at  the  north-west  angle:  it  is  perforated  in  the  richest 
manner,  and  in  height  it  exceeds  any  other  chnrdi  in  Enrope, 
being  414  feet  fr<Hn  the  groond. 

The  cathedral  <^  Cologne  was  one  of  magnificat  design, 
and  of  a  symmetry  not  surpassed  by  any  of  the  best  works 
of  Greece  or  Rome.  The  site  was  the  rains  of  a  church 
built  by  Gharle&agne.  Archbishop  Conrad  commenced  the 
church  in  1249.  The  length  was  over  500  feet;  the  width 
of  the  aisles  180  feet;  the  roofs  more  than  200  feet  high. 
The  western  towers  were  to  be  500  feet  high,  and  100  feet 
wide  at  the  base.  For  three  centuries  the  work,  by  spas- 
modic efforts,  was  extended ;  but  the  building  was  nerer 
entirely  completed.  All  that  \b  now  done  is  to  ke^  it  in 
repair. 

The  German  cathedral  at  XJlm  was  comm^ced  in  1317. 
Its  length  is  416;  width,  166;  height,  141. 

Batisbone  cathedral  was  built  in  1480. 

The  greatest  variety  of  forms,  both  in  traceries  and  omar 
ments,  prevails  throughout  most  of  the  larger  churches  of 
Germany  that  were  built  in  the  latter  part  of  the  Gothic 
era. 

The  buildings  of  Francs  of  the  ninth  and  tenth  centuries 
were  like  those  of  Germany,  in  the  Byzantine  or  Romanesque 
styles,  and  decorated  with  a  profusion  of  mosMC  and  other 
ornamental  work. 

The  invasion  of  the  Normans,  in  the  ninth  and  tenth  cen- 
turies, caused  the  destruction  of  most  of  the  ecclesiastical 
edifices.    After  RoUo  had  become  Duke  of  Normandy,  and 
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embraced  the  Christian  faith,  he  Tied  with  France  in  the 
erection  of  chorchee.  The  principles  of  the  architecture 
that  prerailed  in  both  coontries  were  identical,  being  modi- 
fications of  the  Lombardic  styles,  and  were  diaracterized 
hj  the  general  use  of  the  semi-circular  forms  in  arches  or 
wmdows. 

One  of  the  earliest  French  churches  that  presents  any 
features  that  require  our  notice,  is  that  of  St.  Germain  des 
Pres,  which  was  built  bj  Abbot  Morard,  in  1014.  The 
nave  of  the  church  still  remains  in  its  primitiTe  state.  The 
capitals  of  the  columns  possess  much  of  the  character  of  the 
Corinthian  Order;  whilst  others  are  composed  oi  birds  and 
griffins.  In  the  churches  of  Normandy,  the  capitals  of  the 
columns  are  direct  imitations  (^  the  Corinthian  Order,  with 
the  exception  of  the  abaci. 

About  800  years  ago  the  large  cathedral  oi  Chartres  and 
the  abbey  of  Cluny  of  France  were  built.  The  plan  is  cru- 
ciform. 

Towards  the  end  of  the  twelfth  century  an  important 
change  took  place  in  the  architecture  of  the  western  parts  oi 
Europe,  by  the  introduction  of  the  pointed  arch,  which  was 
used  instead  of  the  semicircular. 

Concerning  the  origin  of  the  pointed  arch  we  cannot 
treat.  By  some  it  is  supposed  that  it  was  used  in  Noah's 
Ark — and  some  buildings  of  great  antiquity  in  the  east,  at 
Jerusalem  and  Cairo,  are  of  a  pointed  form. 

Br.  Milner  supposes  that  it 
arose  from  the  intersection  of 
semicircular  arches,  which  were 
frequently  introduced  on  the 
surface  of  the  walls  in  the  Nor- 
man Styles,  but  placed  there 
solely  for  ornament,  as  in  St.Botolph's,  Colchester,  (England.) 

At  Castle  Acre  Priory  the  transition  is  apparent;  and  at 
Bristol  Cathedral  it  is  stOl  further  developed. 
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CMtla  Aer«  Priory* 

At  St.  James-s, 
Bristol,  within  the 
interlaciDg  moald- 
ings,  there  is  a  lancet 
window,  the  arch  of 
which  is  struck  from 
the  same  centres,  and 
follows  the  inside  lines.  In  the  above  instances  referred  to, 
the  intersecting  semicircular  windows  are  not  detached  from 
the  wall. 

In  Christ  CImrch,  Oxford, 
erected  1180,  tbero  is  an  in- 
stance of  an  interlacing  arcade 
supported  by  colnmns  entirely 
disengaged  from  the  wall,  and 
from  its  coiiSilrQction  aa  well 
as  its  form  may  be  considered 
as  a  tran&itioQ  between  the 
semicircular  and  the  pointed 
styles. 
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The  pointed  fonn  suggests  a  greater  loftinees  and  elegance 
in  compositipn,  and  to  a  certain  extent  the  principles  of 
arrangement  are  different:  these  again,  in  their  torn,  gradu- 
ally gave  place  to  others,  aj^rently  as  mnch  at  variance 
witii  them  as  they  were  from  the  parent  soorce. 

The  Editor  differs  from  his  Author  and  agrees  with  Sir 
Christopher  Wren,  that  the  Saracens  of  the  East,  or  the 
Moors  of  Spain  were  the  originators  of  the  pcnnted  style  of 
Architecture. 


OHAFTEB  TL 

Syrian,  Persian,  and  Pertepolitan  Architecture, 

The  ancient  edifices  of  Syria  were  undoubtedly  of  a  cha- 
racter very  similar  to  the  Egyptians,  if  we  may  judge  from 
the  intercourse  that  existed  between  these  nations.  There 
are  no  monuments  left  us  of  Phoenician  architecture. 

Solomon's  T^nple  was  built  by  an  architect  and  work- 
men from  Tyre.  The  plan  was  a  paralellogram  of  about 
109|  feet  by  36  feet;  in  front  was  a  pronaos  or  portico  ex- 
tenc^  idong  the  whole  width  of  the  temple,  the  depth  of 
which  was  half  its  extent.  The  cell  or  main  body  of  the 
building  was  54}  feet  deep,  and  the  sanctuary  beyond  86^. 
The  height  of  the  sanctuary  was  36^  feet,  the  middle  part 
or  cell  64  f,  and  the  portico  36 J.  The  body  temple  was  sur- 
rounded by  three  tiers  of  Chambers,  to  which  there  was  an 
ascent  by  stairs,  and  the  central  space  was  a  court  open  to 
the  sky.  Bells  were  suspended  a^out  the  temple  and  were 
probably  intended  by  the  sound  they  produced  on  being 
agitated  by  the  wind,  to  keep  off  the  birds  from  the  conse- 
crated edifice.  The  ends  of  the  beams  of  the  upper  floors 
rested  on  stone  corbels,  and  were  not  inserted  into  the  walls, 
which  were  lined  with  cedar,  on  which  were  figures  of  che- 
rubim made  of  wood  and  coyered  with  gold;  these  were  ten 
cnlHts  bighy  and  their  expanded  wings  extended  across  the 
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width  of  the  temple.  In  front  of  the  porHco  mete  two  pO- 
lars  of  brass,  each  five  cahlts  high,  and  nearly  foor  eobits  in 
diameter.  The  chapiters  or  capitals,  also  of  brass,  were  five 
cablts  high;  one  was  ornamented  with  lilies  on  a  netrwork 
ground,  the  other  with  pom^ranates. 

The  "  Hoose  of  the  Forest  of  Lebanon"  was  larger  still 
than  the  temple. 

Persia  was  the  seat  of  one  of  the  most  powerM  empres 
of  Asia  from  a  very  early  period  nntil  the  inyadon  of  the 
country  by  Alexander  the  Great,  330  B.C.,  daring  which 
time  the  art  of  building  must  have  been  practised  to  a  great 
extent.  But  alast  "  time  the  destroyer''  has  left  nothing  but 
ruins  from  which  we  may  judge  of  its  former  splendor.  On 
the  great  fertile  plain  of  Merdasht  or  Istaker,  in  the  pro* 
Tince  of  Farisistan,  are  the  ruins  of  the  city  of  Persepolfe. 
The  ruins  are  1,200  feet  from  north  to  south,  and  600  feet 
from  east  to  west.  It  is  undoubtedly  the  site  of  a  palace. 
There  are  other  ruins,  and  all  seem  to  indicate  that  some 
intimate  connection  must  have  existed  between  the  architects 
of  Persia  and  Egypt. 

A  great  resemblance  exists  between  the  present  architeo- 
ture  of  Persia  and  other  Mahommedan  countries,  and  it 
therefore  requires  no  description  of  its  peculiarities. 


CHAPTER  VIL 
Tk$  Ancient  Architecturt  of  India, 

Of  all  the  remains  of  ancient  buildings  that  haye  attracted 
the  curiosity  or  attention  of  the  trareller  devoted  to  anti- 
quarian research,  none  haye  been  inyestigated  with  leas 
satisfaction  as  regards  their  history  or  chronology  than  those 
of  India. 

The  ancient  monuments  of  India  are  of  two  kmds,  the 
excavated  and  the  structural;  the  one  being  cut  out  erf  the 
rocks,  while  the  others  are  erected  of  different  materials  in 
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the  usual  way. .  The  former  were  made  by  the  Boddhists, 
a  sect  whose  earliest  existence  dates  600  b.c. 

The  cares  consist  of  three  classes:  the  first  of  these  are 
Yihara,  or  monastery  cayes,  the  earliest  of  which  are  natoral 
carems  slightly  improTed  by  art,  appropriated  to  religions 
purposes:  those*which  followed  had  a  verandah  opening  into 
the  cells  for  the  abodes  of  the  priests,  but  without  sanctu- 
aries  or  images  of  any  kind.  The  simplest  form  of  these 
consists  of  merely  one  square  cell  and  a  porch,  sometimes 
nearly  30  feet  in  length;  in  others  the  arrangement  is  ex- 
tended by  the  Terandah  opening  into  a  square  hall,  on  three 
sides  of  which  the  cells  are  placed.  Another  subdivision  of 
the  Yihara  caves  consists  in  the  enlargement  of  the  hall  and 
the  consequent  necessity  for  the  use  of  pillars.  In  these, 
besides  the  cells  there  was  always  a  deep  recess  facing  the 
entrance,  in  which  the  statue  of  Buddah,  with  his  attendants, 
was  usually  placed;  thus  making  the  cave  not  only  an  abode 
for  the  priests,  but  a  place  of  worship.  To  this  division  by 
far  the  greater  number  of  Buddhist  excavations  belong; 
those  at  Ajunta  are  the  finest,  though  good  specimens  exist 
at  EUora  and  Salsette. 

The  second  dass  consists  of  Buddhist  Ghaitya  caves:  these 
must  be  considered  as  the  temples  or  chrirches,  and  one  or 
more  of  them  is  attached  to  every  set  of  caves  in  the  west  of 
India:  the  plan  and  arrangement  of  them  are  exactly  the 
same,  though  the  details  and  sculpture  vary  with  the  age  in 
which  they  were  erected.  These,  unlike  the  Viharas,  seem 
to  have  taken  the  same  form  at  once,  as  is  seen  in  that  of 
Karli,  which  is  the  most  perfect,  and  believed  to  be  the  oldest 
in  India.  It  has  been  supposed  from  this  circumstance  that 
they  were  copies  of  the  interiors  of  structural  buildings, 
though  no  traces  of  such  buildings  exist  in  India,  Ceylon,  or 
beyond  the  Ganges.  In  all  these  caves  there  is  an  external 
porch,  or  music-gallery,  and  an  internal  gallery  over  the 
entrance;  the  centre  part  of  the  temple  is  surrounded  by  cii^ 
ealar  or  octagonal  iHUars  that  divide  it  from  the  ludes,  and 
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are  carried  ronnd  the  semicircniar  part  at  the  farthest  end, 
and  which  may  be  considered  as  an  apsis:  the  whole  bears  a 
strong  resemblance  to  the  arrangement  of  the  early  Norman 
chorches.  The  nave  or  centre  part  is  twice  its  width,  and  is 
roofed  by  a  wagon  vanlt;  the  roof  of  the  aisles  is  generally 
flat.  In  tiie  centre  of  the  semicircniar  part  stands  the 
Daghopa,  in  part  of  which  there  is  always  a  sculptured  niche 
containing  a  figure  of  Buddha  and  his  attendants.  The  third 
class  consists  of  Brahmanical  caves,  many  of  which  have  a 
great  resemblance  to  the  Yihara,  though  the  arrangement  ct 
the  pilleurs  and  the  position  of  the  sanctuary  are  in  no  instance 
the  same.  The  walls  are  nearly  always  covered  with  sculp- 
ture, while  the  Yiharas  are  generally  decorated  with  painting 
and  inscriptions.  The  finest  specimens  are  at  Elephanta  and 
Ellora;  others  are  to  be  found  in  the  island  of  SaJsette,  near 
Bombay.  The  excavated  temple  at  Elephanta  is  180  feet 
long  by  110  feet  wide,  and  14^  in  height.  The  ceiling  is 
flat  and  supported  by  four  rows  of  columns  connected  by  a 
fascia,  or  simple  architrave:  the  columns  are  9  feet  high, 
standing  on  pedestals;  they  are  reeded  or  ribbed,  and  have 
projecting  capitals  of  a  semicircular  form  in  profile,  from 
which  spring  the  brackets  of  the  ceiling.  Against  the  walls 
are  sculptured  colossal  human  figures  in  high  relief,  which 
differ  from  each  other  by  a  variety  of  symbols,  representing 
the  attributes  of  the  deities  whom  they  worshipped.  At  the 
farthest  end  there  is  a  square  recess,  supposed  to  be  the  sanc- 
tuary;  on  either  side  of  the  door  by  which  it  is  entered  there 
are  large  figures.  There  are  100  of  these  caves  three  stories 
high  cut  out  of  the  rock.  Some  are  150  feet  high.  The 
Buddhists  nearly  always  adopted  the  Arch  form  in  their 
Chaitya  temples. 

There  is  still  another  class  of  excavations  cut  out  of  rock ; 
they  are  of  one  block  of  stone.  These  temples  have  the 
appearance  of  standing  in  pits,  as  all  the  surrounding  parts 
have  been  cut  away.  The  most  remarkable  of  this  class  is 
the  Kylas  and  Ellora,  which  is  one  of  the  most  modem  spe- 
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conesc  «f  ezcarations  in  India,  bnOt  about  900  i.]>.  It  ib 
400  feet  Icmg  by  241  wide,  and  ifl  at  the  north-east  angle 
104  feet  deep;  ronnd  the  sides  (tf  this  area  is  a  cloister  snp- 
pcMTted  on  sqnare  pillars,  whidi  are  corered  with  subjects 
from  the  Indian  mythology.  The  centre  part  is  occupied 
with  the  entrance  parilion,  the  chapel  of  Nandi  and  the 
grand  temple  and  Banctnary,  ronnd  which  are  balconies  sop- 
posed  to  have  been  used  by  the  mnsidans  on  solemn  ooca* 
Bions.  The  approach  to  it  is  by  a  bridge,  from  which  yon 
descend  to  the  chapel  by  nine  steps;  and,  on  psssing  on  over 
another  bridge,  yon  arrive  at  staircases  on  either  side,  which 
lead  to  the  inner  court,  the  temple  and  cloisters.  On  eadt 
side  of  the  bridge  are  gigantic  representations  of  elephants, 
and  beyond  are  two  richly  carved  pQlars  or  obeli^s. 

The  upper  parts  of  the  buildings  were  supported  on  square 
piers  or  pillars,  and  from  all  sides  of  their  capitals  brackets 
projected  equal  to  their  width,  and  leaving  generally  a  space 
equal  to  three  diameters  between  their  greatest  projection, 
thus  leaving  only  one-half  of  the  whole  length  of  the  archi- 
trave unsupported;  but  when  a  greater  space  was  required, 
a  succession  of  projecting  brackets  placed  above  each  other 
was  adopted,  sometimes  meeting  in  the  centre,  thus  having 
the  eifect  of  a  horizontal  arch.  The  effect  of  this  is  un- 
doubtedly pleasing,  as  the  projecting  brackets  on  all  sides  of 
the  sqnare  capital  produce  in  perspective  a  variety  of  lines, 
and  great  play  of  light  and  shade. 

One  of  the  oldest  structural  monnments  or  temples  is  that 
of  Bobaneswar,  which  is  60  feet  square  at  the  base  and  180 
feet  in  height. 

In  plan  the  Indian  temples  or  pagodas  are  square;  the  only 
light  that  is  admitted  is  by  the  door. 

One  of  the  largest  Hindoo  temples  is  that  at  Chillamba- 
ram,  on  the  Coromandel  coast,  which  from  its  dimensions 
and  antiquity  is  held  in  high  veneration.  This  cluster  of 
temples  is  a  rectangular  space  1332  feet  in  length  by  936  in 
width,  by  walls  30  feet  in  height.    This  area  contains  a 
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Ttriety  of  temples,  much  decorated  with  scolptore  of  (^(nroB 
and  ornaments  more  curious  than  beaatiihl;  these  are  con- 
nected by  extensive  colonnades  and  porticoes.  Pyramids 
stand  OTer  the  entrance  of  the  outer  enclosures,  and  conost 
of  sereral  ioors. 

There  are  many  other  pagodas  of  large  dimensions. 

Among  the  interesting  works  of  the  Hindoos  are  the 
Bands  or  dams,  which  are  made  for  the  purpose  of  intercept- 
ing the  conrse  of  small  rirers,  so  as  to  form  an  artificial  lake 
for  the  purpose  of  irrigation:  on  these  dams,  which  are  oon- 
stracted  of  stone,  palaces  and  temples  are  generally  placed, 
and  between  than  are  very  broad  flights  of  steps  leading 
down  to  the  water,  which  are  ornamented  frequently  with 
figures  of  elephants,  and  were  used  as  fountains.  That  at 
BA^Sing,  at  OddypMe,  is  886  paces  m  length,  and  was  built 
in  1658. 

The  Indian  styles,  whatever  their  defects  may  be,  have 
the  merit  of  being  original;  for  there  can  be  little  doubt  but 
that  they  were  invented  in  the  country  where  we  now  find 
them. 


OHAPTEB  Vm. 

Chinese  Architecture, 


The  architecture  of  China,  unlike  that  of  other  nations, 
has  retained  its  particular  character  during  all  times  without 
any  mutation.  Their  native  historians  ascribe  the  origin  of 
building  to  their  Emperor  Fon-Hl,  who  first  taught  his  sub- 
jects that  art  about  368  B.C.  In  the  year  246  a.d.,  the  Em- 
peror Tsin-Chi-Hoang-Tl  demolished  all  the  buildings  of  im- 
portance, so  as  to  remove  all  records  of  the  grandeur  and 
power  of  his  predecessors:  except  a  few  temples  and  tombs 
in  the  mountains,  which  are  supposed  to  be  of  a  prior  date, 
nothing  remains  of  a  higher  antiquity. 

The  type  of  all  Chinese  buildings,  whether  they  are  used 
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fetiMpnrpoeesof  reygion/or  as  rendeaces^  isvadoqbtedfy 
A  tent  *|  and  the  oottTez  form  of  their  roofs  Aows  that  thej 
are  a  copy  of  those  made  of  more  pliant  materials,  snstaiiied 
at  different  points  from  brackets  at  the  top  of  rertical  sup- 
ports. The  material  generally  employed  is  wood;  that  most 
in  use  is  the  nan^aon,  which  is  said  to  kst  more  than  a 
thousand  years :  stone,  marble,  bricks,  bamboo,  and  porce- 
lain  tOes,  are  also  used. 

In  China,  improrement  seems  to  hare  been  considered  an 
ianoTation  and  direct  breach  of  the  laws,  which  are  looked 
upon  as  something  more  than  hnman  ordinances,  from  their 
supposed  perfection  and  antiquity. 

One  great  hindrance  to  any  adrance  in  architecture  is 
caused  by  the  construction  of  their  prirate  houses  and 
public  buildings  being  subject  to  the  restrictions  of  public 
functionaries  (who  may  be  properly  designated  district  snr- 
Teyors),  backed  by  most  arbitrary  laws :  under  their  super- 
vision  eyery  one  is  obliged  to  build  according  to  his  rank, 
and  for  every  house  a  certain  size  as  well  as  details  are  fixed. 
These  officers  seem  to  gorem  the  arts  in  China,  and  the  laws 
regulate  the  magnitude  and  arrangement  of  residences  of  the 
fsrious  degrees, — ^for  a  noble  family,  for  a  president  of  a 
tribune,  for  a  mandarin,  and  for  all  classes  who  can  afford 
the  luxury  of  a  house.  The  size  of  public  buildings  likewise 
comes  nnder  their  management.  The  merchant,  whatever 
the  amonnt  of  his  wealth  may  be,  is  compelled  by  this 
regulation  to  restrict  the  dimensions  and  decorations  of  his 
house  to  his  exact  grade  or  standing :  this  refers  on{y  to  the 
external  part  of  his  dwelling  ;  the  interior  arrangements  are 
unfettered.  According  to  these  prohibitions  (for  they  cannot 
be  considered  in  any  other  light),  the  level  of  the  ground 
floor,  the  lei^th  of  the  frontage  of  the  building,  and  the 
height  of  the  roofs,  are  in  an  advancing  scale  from  the  citizen 
to  the  emperor,  and  their  limits  must  be  attended  to  without 
appeal. 

The  buildings  generally  are  only  of  one  story  ;  imd  in  Pekin 


84  HIST0E7  AND  RtmuCBKTS 

tbe  shopkeepers  are  obliged  to  sleep  under  their  pent-hooaefl 
la  the  open  air  in  summer.  One  reason  perhaps  jnstiBes 
their  honses  generally  being  onlj  of  one  story,  which  is  the 
fllightness  of  their  constrnction,  and  which  renders  them 
incapable  of  bearing  any  thing  above  them.  The  g^ieral 
character  and  arrangement  of  the  Chinese  honses  is  so  w^ 
understood,  that  no  object  will  be  gained  by  enlarging  on  the 
subject.  In  eyery  part,  nothing  is  seen  but  a  succession  of 
combinations  of  frame-work  and  trellises  painted  in  all  the 
primitiTe  colors,  which  has  caused  the  impression  that  the 
Chinese  honses  bear  a  greater  affinity  to  bird-cages  than  to 
any  thing  under  the  sun  :  the  form  of  some  of  their  doors  is 
sometimes  circular  or  octagonal,  and  t^nds  to  strengthen  it, 
as  in  no  other  country  are  apertures  of  that  form  used  for 
entrances. 

The  palaces  resemble  a  number  of  tents  united  -^  and  the 
highest  pagodas  are  nothing  else  than  a  succession  of  them 
piled  on  one  another,  instead  of  side  by  side  :  in  short,  from 
the  smallest  village  to  the  imperial  residence  at  Pekin,  no 
other  form  but  that  of  a  permanent  encampment  preTaik. 
Lord  Macartney,  who  travelled  the  whole  ^iqpire  from  the 
farthest  part  of  the  great  wall  to  Canton,  observed  that  there 
was  but  very  little  variation  in  the  buildings  to  be  seen. 

Amidst  the  substantial  works  of  the  Chinese  the  most 
remarkable  are  the  bridges  :  that  at  Loyau,  in  the  province 
of  Fod-Kien,  is  composed  of  250  piers  built  with  very  large 
stones,  which  support  enormous  granite  lintels,  or  stones 
placed  horizontally  ;  these  are  crowned  by  a  balustrade.  A 
considerable  number  of  bridges  have  been  constructed  in 
China,  and  they  are  considered  to  be  works  of  great  magnir 
tude  and  importance.  To  the  Chinese  is  attributed  the  earliest 
application  of  the  suspension  bridge,  which  has  been  so  much 
adopted  in  modem  times  in  situations  where  no  other  meana 
of  passage  could  have  been  applied. 

The  temples  of  the  Chinese  are  generally  small,  and 
consist  of  only  one  chamber,  which  is  the  sanctuary  of  their 
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'dois  ;  on  the  oiitsde  is  a  gallery  :  otben  stand  in  a  court 
sorroanded  by  coiridbrs.  In  some  instances  the  interitNr  is 
spadoTis :  that  at  Ho-Nang,  near  Canton,  is  690  feet  in 
length  by  250  in  width  ;  the  temple  isconstmcted  of  wood, 
and  covered  with  painted  and  Tarnished  porcelain.  It  has 
been  estimated  that  Pekin  and  its  enrfarons  contain  neariy 
10,000  mido  or  idol  temples,  some  of  which  are  saperior  in 
decoration  to  those  at  Canton. 

Amongst  the  bnUdings  that  are  peculiar  to  China  are  the 
pagodas,  or  towers  of  from  six  to  ten  stories,  diminishing 
upwards :  the  projecting  top  of  each  story  presents  the  con- 
care  form  before  referred  to  ;  and  the  plan  of  those  buildings 
is  generally  an  octagon.  Tlie  most  celebrated  is  that  of 
Nang-King,  which  is  called  "  the  tower  of  porcelain  f  it  is 
40  feet  in  diameter  at  the  base  and  200  feet  in  height ;  in  the 
centre  is  a  staircase  connecting  each  stage,  and  which  is 
lighted  by  windows  on  four  sides  ;  the  openings  do  not  occur 
OTer  each  other,  but  in  alternate  stories  ;  the  whole  is  cased 
witii  porcelain.  The  age  of  this  pagoda  is  little  more  than 
three  centuries. 

Commemoratire  buildings  and  triumphal  arches  or  doors 
are  very  numerous  throughout  China :  they  are  placed  at  the 
entrances  of  streets  as  well  as  before  principd  buildings ; 
the  better  class  of  which  consist  of  a  central  and  two  side 
openings :  the  lower  part  is  generally  ci  stone,  without  any 
mouldings  ;  the  upper  part  is  of  wood,  and  supported  on 
honzontal  tintels,  the  constructiTe  arch  being  as  little  known 
in  China  as  in  other  Eastern  natioDS. 

The  great  wall,  which  extends  for  1500  miles,  has  perhaps 
caused  a  much  higher  opinion  to  be  formed  of  the  monuments 
of  the  Chinese  than  a  careful  survey  justifies.  It  is  (with  an 
exception  in  fovor  of  their  bridges)  the  only  work  of  any 
importance  that  can  give  the  Chiiiese  any  position  as  a  con^ 
structive  people.*    It  consists  of  an  earthen  mound  faced  by 

«  FroB  the  ftrehttecturv  m  w«U  m  tb«  om«iii«ntal  workfl,  tb«  inprMBion  !■  mb. 
T^7«d  tlMbt  ueehAtticKl  nklU  and  imiUtim  are  th«  onlj  ftiettltfM  ihm\  u«  i 

8 


96  Hunosr  and  budooiits 

mdto  of  brick  aadiaasonry  ;  its  total  beight  Is  20  feet.  The 
platfonn  on  the  top  is  15  feet  broad,  and  increases  to  25  feet 
at  the  base  of  the  wall ;  atinterrals  of  200  paces  are  towers 
of  40  feet  square,  whidi  diminish  to  30  feet  at  the  top ;  their 
beight  in  some  places  is  3t  feet^  in  others  48.  This  wall, 
which  commences  in  the  sea  to  the  east  of  Fekin,  extends 
along  the  frontiers  of  their  jHTOTinces,  over  rivers,  mooatains. 
Tillages,  and  often  in  places  that  are  of  themselyes  protections 
from  any  hostile  inrasion :  it  engaged  a  million  of  persons 
for  ten  yean  in  its  erection.'*' 


OHAFTEB  IX. 

Arabian,  Saracenic,  or  Mooruh  ArcMtectwi. 

In  conseqnence  of  the  rerj  few  examples  remaining,  we 
have  little  evidence  of  the  ancient  architectore  of  the  Ara- 
bians. The  Caaba  at  Mecca  is  the  only  existing  temple  in 
which  the  Arabians  worshiped  their  idols :  tlus  was  so  mnch 
altered  by  Mahommed,  that  it  is  difficult  to  trace  the  p<«^ons 
of  the  prior  erections. 

From  the  appearance  of  Mahommed,  a.I).  600,  commenced 
a  style  of  architectore  which  extended  from  the  Indns  along 
the  northern  coasts  of  Africa,  and  to  a  considerable  portion 

by  th«  ChineMy  %«  their  arta  Mem  |o  be  eonOned  to  lervile  copies  of  tlie  works  of 
Natare,  without  uny  feeling  of  composition  or  Invention.  The  ancient  people 
meet  indeed  hare  been  widelj  dtSbrent  in  their  eompoaitian,  as  they  have  cre<ltt 
tat  the  diseoTerjr  of  the  magnetSc  eompass  before  121  a.  d.  ;  the  art  of  printing  fas 
tlie  tenth  century  ;  the  earliest  manufacture  of  silk  and  poreclain  ;  and  last, 
fhongh  not  least,  the  coraposition  of  ganpowder,  which  their  desoendants  of  the 
present  day  use  to  so  little  purpose. 

*  The  first  emperor  of  the  Tsin  dynasty  caused  this  wall  to  be  built  as  a  protec- 
tion against  theTkrtars,  though  it  has  been  supposed  that  the  employment  of  a 
hirge  mass  of  people,  who  were  in  tf  state  of  excitement  at  his  tyranny,  was  th« 
more  direet  cause  of  its  erscUon,  or  it  would  not  hare  been  carried  over  places 
that  were  quite  inaccessible  to  an  enemy,  and  therefore  In  these  situations  useless. 
It  has  now  stood  nearly  sUteen  hundred  year*.  He  ordered  aU  the  books  of  the 
teamed)  inaadingthe  writings  ofConfaeins,  to  be  east  Into  the  fiames,fl(»r  tb« 
same  reason  that  caoaed  the  destructioQ  of  aU  the  principal  exi^ng  boildingi. 
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of  ^pain.    Ib  the  kIMr  oountrj  it  attdned  its  greatort 
eioellence. 

The  mosque  which  wm  boQi  at  Jenualem  by  Omar,  the 
second  oaliph,  aboat  a.b.  640,  is  snppoaed  to  hare  been  the 
irst  of  their  erectiooa  beyond  the  limits  of  Arabia.  Of  the 
nature  of  this  edifice  we  are  ignorant,  in  conseqnenee  of  the 
nnmerons  additions  made  to  it  at  subsequent  periods.  When 
Damascus  became  the  seat  of  the  empire,  it  was  considerably 
improved;  and  among  its  splendid  buildings  was  the  cele> 
brated  mosque  founded  by  Alwaiid  II.  In  the  year  a.  d. 
162,  the  foundations  <^  Bagdad  were  laid;  and  this  city 
remained  the  impmal  seat  for  500  years.  The  magnifi- 
cence of  the  palace  of  the  caliphs  could  only  be  exceeded  by 
that  of  the  Persian  kings;  and  like  pious  and  charitable 
works  of  those  days  haye  nerer  been  equalled,  as  water  da- 
terns  and  caraTanseras  were  built  along  several  hundred 
miles  of  road. 

Nearly  all  the  remains  of  the  ancient  architecture  of  the 
Eastern  Saracens  are  the  mosques  at  Mecca  and  Jerusalem: 
to  these  may  be  added  tiie  castle  of  Cairo,  and  the  ruins  of 
the  hall  of  Joseph. 

The  most  splendid  spedmens  of  Arabian  or  Saracenic 
architecture  are  to  be  found  in  Spain,  of  which  the  most 
ancient  is  the  mosque  at  Cordova,  begun  in  780  by  Abd-el* 
rahman,  then  king  of  this  part  of  the  Moorish  dominicms. 
It  was  erected  within  the  first  century  after  the  Moors  had 
estaUished  themselves  in  Spain.*  It  is  an  insulated  paral* 
lelogram  of  620  feet  in  length  by  420  in  breadth,  and  is 
divided  into  two  parts;  one  of  them  in  an  open  court,  in 
which  worshipers  performed  their  ablutions  before  entering 
into  the  body  of  the  temple:  on  three  sides  there  is  a  colon- 
nade 25  feet  wide,  and  on  the  other  are  the  several  doors 

*  The  Moon,  under  Mata  Ibn  NoMeyr,  the  rlceroj  of  the  northern  part  of  Africa, 
hnded  in  the  sontb  of  Spain  jld.  711,  a.  h.  80;  and  within  two  monthf,  Cordora, 
Granada,  Jaen,  llalaga,  and  Tbledo,  then  the  capital  of  Spain,  were  reduced,  or 
opened  their  gates  to  the  eoaqnarors.  The  moeqne  of  Cordova  was  flnfohed  bj 
BiebMi,  JwV.  7M.  ^ 


88  HI8T0BT  AND  BDSIIISHTS 

comiaiiidcatiiig  with  the  mosque.  Thk  confiists  of  nineieen 
naves  divided  by  seventeen  rows  of  colnmns:  thns  the  interior 
presents  an  appearance  of  a  forest  of  colnmns  composed  of 
jasper  and  other  marbles;  they  are  18  inches  in  diameter, 
and  sormonnted  by  capitals  which  bear  a  strong  resemblance 
to  the  Corinthian  and  composite  orders  ;*  these  are  connected 
by  segmental  arches.  The  ceilings  are  of  wood,  painted;  the 
enrichm^ts  are  of  stucco,  also  painted  in  various  colors, 
decorated  with  legends  and  occasionally  gilt.  Alter  the 
conqnest  of  the  city  by  San  Ferdinand,  in  1238,  the  mosque 
was  converted  into  a  cathedral;  and  the  character  has  since 
been  greatly  injured  by  erections  that  were  necessary  for  its 
adaptation  to  the  service  of  the  Christian  religion. 

The  most  perfect  example  existing,  that  can  convey  an  idea 
of  the  extent  to  which  sumptuousness  of  ornament  and  en- 
richment can  be  carried,  is  to  be  found  in  the  Alhambra,  the 
residence  of  the  Moorish  kings  of  Granada,  erected  between 
the  years  a.d.  1240  and  1848.  In  this  there  are  no  traces 
of  art  peculiar  to  any  other  nation;  the  composition  and  dis- 
tribution of  the  ornaments  being  arranged  with  consummate 
skill.  To  attempt  a  short  description  of  this  model  of  pure 
Arabian  architecture  would  only  be  an  ii^ustice  to  it,  as  no 
notion  would  thereby  be  conveyed  of  this  extraordinary 
work;  we  therefore  can  only  remark,  that  every  part  of  the 
walls  and  ceilings  is  covered  with  a  mass  of  ornament  en- 
riched with  gold  and  the  most  brilliant  colors,  and  which 
bears  the  strongest  evidence  of  the  high  degree  of  refinement 
and  luxury  at  which  the  Moors  had  arrived  prior  to  their 
overthrow.f    The  whole  of  the  ornaments  are  composed  of 

*  TheM  were  probablj  obtained  firom  tome  Roman  bnDdingt  that  existed  in  the 
nelghbonrhood,  m  some  of  them  have  boeee,  to  as  to  bring  them  to  the  required 
height,  while  others,  which  were  too  short,  were  tengthened  by  giriog  them  tall 
capitals.     In  this  bailding  there  are  upwards  of  000  columns. 

t  For  a  full  description,  with  Tiewa  and  the  details  represented  In  thdr  original 
oolors,  the  reader  is  referred  to  the  work  published  bj  Mr.  Owen  Jonee,  which  ia 
trulj  worthy  of  the  magnificence  that  It  iUnstrates;  and  it  is  to  be  regretted  that 
it  has  not  received  snfflcient  patronage  to  reimburse  him.  IBs  principal  remnne- 
ration  must  be  the  conrictlon  that  he  has  prodaoed  that  which  Is  unequalled  ia 
exeemtion  b/  any  thing  that  has  pn>ceded  It 
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stncco;  and  it  bas  been  obserred,  tbat  no  nation  bas  eon- 
Btrncted  so  many  magnificent  bnOdinga  without  baying 
recourse  to  the  qnarrj. 

Moorish  arcbitectore  bas  several  kinds  of  arches:  the 
horse^iboe  form,  having  the  centre  raised  above  the  spring  of 
the  cnrve,  which  likewise  diminishes  in  width;  the  pointed 
arch,  in  which,  likewise,  the  greatest  width  is  above  the  ixnr 
post  or  spring  from  which  the  curve  commences.  Some  of 
these  arches  contain  on  the  inside  a  succession  of  small  cuqps 
of  a  segmental  form.  The  next  example  is  tbat  of  the 
cuspid  arch,  strictly  so  termed,  the  outline  being  produced 
by  intersecting  semicircles,  very  similar  to  the  trefoil  beads 
of  Gothic  windows,  with  the  exception  that  they  are  not 
circumscribed  by  a  continuous  arch.  Another  example  in 
the  Court  of  Lions  in  the  Albambra,  it  being  circle  beaded 
and  stOted  and  considerably  more  than  a  semicuxle:  the  part 
below  the  centre  of  the  curve  is  vertical,  and  rests  on  small 
corbels  tbat  are  fixed  against  panels  wider  than  the  slender 
pillars  tbat  support  them. 

The  style  is  noted  for  its  extremely  slender  proportions 
and  for  its  fanciful  and  diverse  character. 

Among  the  features  of  this  style  is  the  honeycomb,  fret- 
work, or  pendants,  which  compose  the  ceilings  of  the  build- 
ings of  the  later  dates.  It  is  a  cone-shaped  covering,  but 
omated  with  a  multiplicity  of  projecting  forms,  which  ren- 
der its  appearance  at  first  perplexing;  but,  like  the  mosaics, 
it  is  extremely  snnple  in  principle. 


CHAPTER  X. 

Druidical,  dUiCf  and  Anglo-Roman  Architecture, 

The  earliest  remains  of  a  structural  nature  are  the  un- 
hewn stones  which,  in  various  forms,  are  found  in  different 
parts  of  the  island.  The  introduction  of  those  in  the  sontb- 
em  parts  are  chiefly  attributed  to  the  Phoenicians,  or  Ca- 
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naanites  of  Tyre  and  Sidon,  vbo  were  the  moet  e]q>ert 
sailors  of  antlqnitj,  and  maintained  a  commerce  vith  the 
soathem  parts  of  England. 

It  is  quite  certain  that  their  frequent  voyages  suggested 
the  idea  of  planting  a  colony  in  this  part  of  Britain,  and 
that  they  then  introdnced  the  custom  of  erecting  gigantic 
stones,  which  had  been  practised  in  Asia.  These  erections 
are  varied,  and  may  be  classed  as  follows:  1,  the  single  stone 
or  obelisk;  2,  circles  oi  stones  of  different  numbers;  3,  sa- 
crificial stones;  4,  cromlechs  and  cairns;  5,  iQgan  stones;  6, 
toimen,  or  colossal  stones. 

The  most  remarkable  of  these  monuments  is  on  Salisbury 
Plain,  in  Wiltshire,  which  has  been  generally  considered  as 
a  Druidical  or  Celtic  work.  It  consists  of  concentric  circles 
of  large  stones,  placed  upright  in  the  ground  like  pillars, 
with  another  large  stone  resting  upon  them  as  an  architrave 
or  lintel,  which  is  secured  by  mortices  and  tenons;  thus 
indicating  a  regular  principle  of  construction,  although  the 
stones  themselves  are  not  squared. 

l%e  earliest  halntations  of  the  Britons  were  of  a  circular 
form,  and  composed  of  wicker  filled  in  with  clay,  and  some- 
times placed  upon  foundations  of  stone;  although  caves  were 
much  used  at  the  same  time. 

The  erection  of  solid  buildings  in  England  dates  fh>m  the 
invasion  of  Julius  CsBsar,  in  the  year  55  b.  c.  Quite  an  impe- 
tus was  given  to  the  building  propensities  of  the  people,  and 
in  the  third  century  Britain  was  noted  for  the  number  and 
skill  of  its  artificers.  After  the  departure  of  the  Romans, 
iuD.  410,  architecture  declined. 


CHAPTER  X 

Architecture  in  England, 

The  History  of  Agriculture  in  England  commences  with 
structures  of  unhewn  stone,  the  remains  of  which,  in  rarioos 
forms,  are  found  in  different  parts  of  the  island.    Their  in- 
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trodiietlon  k  dueflj  attributed  to  the  Phoeniciaiifl  or  Caaaan- 
itea  of  Tyre  and  Sidon,  who  Were  expert  sailors  and  maiiir 
tamed  a  commerce  with  the  sonthem  parts  of  EDgland. 

The  most  remarkable  of  their  monmnents  is  Stonehenge^ 
on  Ballsburj  Plain,  in  Wiltshire.  It  consists  of  concentric 
circles  of  large  stones,  placed  npright  in  the  ground  like 
pillars,  witii  another  large  stone  resting  npon  them  as  an 
tfddtraTe  or  lintel,  which  is  secured  bj  mortices  and  t^ions; 
thus  iadkating  a  regular  ptiadple  of  construction,  although 
the  stones  themselves  are  not  squared.  The  remains  at  Are- 
bmry,  near  Silsburj  Hill,  are  merelj  rude  masses  of  stone 
wotk  in  the  form  oi  a  curcle,  with  smaller  detached  circles  of 
uhewn  stones  within  its  other  area. 

The  eariiest  halntations  of  the  Britons  were  of  a  circular 
form,  and  composed  oi  wicker  filled  in  with  daj,  and  some* 
times  placed  upon  foundations  of  stone. 

From  the  inyasion  of  Julius  Gffisar,  in  the  jear  65  b.  c, 
may  be  dated  the  erection  of  solid  buildings — ^temples,  tho- 
ati!es  and  public  edifices  were  erected,  and  the  art  of  archi- 
tecture advanced  till  the  departure  of  the  Romans  in  410 
A.D.  This  is  the  "Druidical,  Celtic,  and  Anglo-Boman 
Architecture"  of  England. 

The  "Anglo-Saxon"  Architecture  commenced  with  the 
arriTal  of  the  Saxons  in  449  a.  n.  What  little  remained 
of  the  art  was  shortly  extinguished,  for  the  Saxons,  like 
the  inhabitants  of  the  other  parts  of  Qermany,  were  to- 
tally ignorant  of  all  dvilized  modes  of  living,  bdng  accua* 
tomed  to  dwell  only  in  hovels,  built  in  the  rudest  manner 
with  branches  of  trees  and  reeds;  all  knowledge  of  build- 
ing, therefore,  seems  to  have  been  lost  for  nearly  two  cen- 
turies afterwards. 

In  the  latter  part  of  the  *lih  century  the  art  of  building 
stone  edifices  was  revived,  and  many  churches  were  built 
"  after  the  Roman  manner,"  or  debased  Roman  style  then 
prevalMit  in  France  and  Germany.  This  style  has  received 
the  title  of  Anglo-Saxon.    The  plans  of  the  churches  dif- 
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fered  considerabl j,  and  mast  have  been  r^^ted  by  their 
size.  Some  were  crndform — in  (act  a  goodly  portion  were. 
The  boilders  nsed  to  confitrnct  crypts  beneath  their  most 
celebrated  churches.  The  plans  of  jthe  smaller  chuiches  were 
generally  oblong.  The  towers  were  nsnally  placed  at  the. 
west  end.  The  quoins  are  of  a  description  known  as  the 
Anglo-Saxon  style,  and  called  long  and  short  woric,  from 
their  being  arranged  with  stones  of  eqnaJ  size,  placed  alter 
nately  in  a  vertical  and  horizontal  position  npon  each  other, 
thus  bearing  resemblance  to  debaaed  mstic  work. 

The  heads  of  the  doorway  of  the  Anglo-Saxon  style  are 
either  triangolar  or  semicircular;  the  latter  were  more  gene- 
rally used,  and  those  which  are  more  ancient  were  con-, 
structed  of  large  flat  bricks  or  tiles  placed  on  end,  and  the 
spaces  between,  which  are  nearly  equal  to  them  in  width, 
filled  in  with  coarse  rubble-work;  the  jambs  or  unposts  of 
the  arches  were  generally  of  stone.  The  mode  of  forming 
these  arches,  as  well  as  the  walls  in  which  tiles  were  intro- 
duced, either  in  horizontal  layers,  or  arranged  herring-bone 
feshion,  was  undoubtedly  copied  from  the  later  works  of  the 
Romans. 

The  triangular-arched  head  is  of  a  later  date,  and  pos- 
sesses little  constructive  merit;  the  extreme  of  the  triangle 
rests  on  a  plain  abacus,  the  impost  in  some  cases  projecting 
from  the  wall.  The  prevailing  character  of  the  Anglo- 
Saxon  style  is  massiveness,  with  only  the  occasional  intro- 
duction of  a  moulding,  which  in  most  cases  consists  simply 
of  a  square-faced  projection  with  a  chamfer  or  splay  on  tilie 
upper  or  lower  edge;  the  sculpture  of  that  period  was  ex« 
tremely  rude,  and  rarely  introduced. 

The  principal  reli^ous  edifices  were  destroyed  on  the  sub- 
jugation of  the  country  by  the  Danes,  1012  a.  d. 

The  commencement  of  the  "Anglo-Norman  Stylt^  is  dated 
from  the  Conquest  by  William,  in  1066  a.  d.  Churches  were 
built  so  rapidly  that  70  years  afterwards,  on  the  compilation 
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of  tiie  DooQiBday  Book,  ITOO  were  recorded  u  then  being 

in  existence. 

The  Anglo-Norman  conventnal  churches  were  cmdform  in 
plan,  with  a  low  tower  rising  at  the  intersection  of  the  choir 
and  naye  with  the  transepts:  the  fiurmer,  as  in  the  case  of 
some  churches  in  Qermany,  terminated  with  a  semicircular 
apse.  Apeidal  eastern  terminations  were  frequently  appended 
to  the  chapels  attached  to  the  churches.  He  usks  were 
continuous  throughout  the  choir  as  well  as  the  nare,  so  that 
on  solemn  occasions  the  whole  church  might  be  traversed  in 
processions.  The  altar  was  generallj  affixed  to  a  low  rere- 
dos  screen  or  wall,  which  was  placed  between  the  eastern- 
most piers.  Above  the  aisles  that  extended  round  the  nave 
and  choir  was  a  triform  which  communicated  with  chapels 
similar  to  those  below.  The  west  or  principal  front  was 
sometimes  flanked  with  towers,  in  addition  to  that  before 
named;  at  the  angles  of  the  transepts  and  porches  were 
generaDy  placed  massive  buttresses,  or  else  turrets  termi- 
nated by  conical  or  polygonical-shaped  cappings  or  pinnacles. 
In  the  smaller  churches,  the  plans  were  similar  to  those  of 
the  Anglo-Saxons,  and  consisted  only  of  a  nave  and  chancel, 
with  a  low  square  tower  at  the  junction,  supported  by  bold 
semicircular  arches:  in  these  the  apse  at  the  east  end  is  very 
fr^uently  introduced;  indeed  it  is  a  distinctive  feature  of 
that  style  which  bears  the  name  of  Norman  or  Romanesque 
(derived  from  ancient  basillcs),  and  never  introduced  after 
the  style  wliich  we  immediately  received  from  the  Continent, 
namely,  the  semicircular-arched,  had  passed  away. 

The  Anglo-Norman  style  of  architecture  might  be  divided 
into  three  classes, — ^the  Primitive,  the  Enriched,  and  the 
Transition :  in  the  two  former  kinds,  the  principles  are 
identical,  although  the  mo^e  of  ornamentation  that  is  used, 
unless  considered  in  its  various  stages,  appears  to  be  the 
result  of  fresb  impressioos  derived  from  some  foreign  source ; 
as  r^ards  the  latter,  it  explains  itself,  having  features  of  a 
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somewhat  different  <Aai»eter,  irhich  were  tiie  germs  of  a 
style  totally  dissimilar  in  principle. 

The  Norman  style  embraces  the  yery  plainest  as  well  as 
the  richest  specimens  of  work,  from  that  characterized  bj 
the  low  square  and  circular  piers,  so  nnmeroosly  distributed 
about  the  country,  to  the  florid  decoration  with  which  many 
of  our  cathedrals  and  abbeys  are  embellished.  The  former 
of  these  exhibit  but  masslTe  and  clumsy  remains  of  the 
classical  principles,  but  they  display  a  grandeur  and  solemnity 
of  appearance  from  the  solidity  of  masonry  and  smaQness  of 
the  openings.  The  piers  in  the  earlier  buildings  were  either 
entirely  square,  or  else  a  succession  of  receding  faces  crowned 
by  a  plain  square  abacus,  the  lower  edge  of  which  was  duuoi^ 
fered.  Isolated  circular  columns  were  likewise  used  in  this 
country  shortly  after  the  Conquest,  as  at  the  chapel  of  the 
White  Tower,  London,  Great  Malvern  church,  and  the 
cathedrals  of  Gloucester,  Peterborough,  Durham,  and  Here- 
ford,* besides  sereral  conventual  and  collegiate  churches.  At 
the  later  periods,  portions  of  columns  were  attached  to  the 
square  piers  ;  those  facing  the  nave  or  choir  were  carried  up 
to  the  clerestory  windows,  and  from  their  capitals  sprung  the 
ribs  of  the  grcMning  of  the  roof ;  the  others  carried  a  part 
of  the  mouldings  of  the  nave  arches,  as  in  Norwich  and 
Peterborough  cathedrals.  In  the  latest  instances,  the  square 
pier  is  entirely  discontinued,  and  the  columns  are  connected 
t(>gether  without  the  angular  pieces. 

The  arrangement  of  the  interior  compartments  of  the 
Norman  cathedrals  and  larger  churches  is  that  from  which 
nearly  all  others  of  subsequent  dates  were  copied;  it  consisted 
of  three  tiers  or  stages.  The  lower  or  larger  opening  was 
spanned  by  a  simicircular  arch,  which  rested  on  the  piers 
before  described,  above  which  was  a  horizontal  string-course : 
in  the  second  story,  or  triforium,  were  two  smaller  arches, 
supported  in  the  centre  by  a  slender  column ;  these  were 

•  FiflMnof  tiM  twoitj-two  EDgitoh  cathcdrslt  ntiaB  pMrtoofilMlr  K«m« 
erection,  «ltti«r  in  ib»  erypti  or  lapontroetur*. 
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tBdosed  in  a  larger  uch,  the  qNm  of  which  wat  rather  kiB 
than  that  below  it ;  aboTe  this  was  another  string-coune : 
in  the  third,  or  clerestory,  there  were  generally  three  arched 
openings  diyided  by  columns,  that  in  the  centre  being  higher 
and  wider  than  the  othors,  and  forming  eithtf  the  window, 
or  an  opening  before  it,  in  the  thickness  of  the  wall.  These 
three  arches  generally  occupied  a  space  equal  to  the  arch 
below  them,  and  were  enclosed  in  the  arch  springing  from  the 
shaft  which  formed  part  of  the  semi-circular  stone  groinhig 
with  which  the  larger  churdies  were  usuaHy  vaulted. 

In  all  the  Anglo-Norman  Churches,  the  western  and 
southern  doorway  seems  to  haye  been  decorated  with  a  profu- 
sion of  ornamental  mouldings  and  sculpture.  Mauy  of  the 
Norman  doorways  have  the  arch  heads  filled  up,  forming 
what  is  called  the  tympanum  ;  this  'm  frequently  adorned  by 
sculpture  of  the  Bavior,  angels,  saints  or  animals. 

Another  peculiarity  of  this  style  is,  that  the  arch  is  the 
feature  on  which  the  greatest  amount  of  ornament  and 
enrichment  was  bestowed.  The  decoratiye  details  and 
moulding  of  this  style,  although  numerous  are  of  a  peculiar 
description,  and  appear  to  haye  been  worked  on  the  originally 
plain  surfiice  of  the  masonary,  and,  in  many  cases,  re-worked 
at  an  after  period  to  a  greater  d^ree  of  richness  than  they 
originally  possessed.  The  chevron  or  zigzag,  for  instance  is 
the  most  common  ;  in  the  earlier  instances  its  form  is  little 
more  than  indented  on  the  plain  face  of  the  projection  or 
wall ;  afterwards  we  find  it  partially  beaded  ;  then  double 
beaded  with  hollow  ;  and  in  the  latest  examples  it  was  com- 
pletely cut  away,  and  standing  out  in  full  relief,  with  a 
second  series  of  mouldings  carved  on  the  backing.  Tliere  is 
also  the  billet — the  pellet, — ^the  star--^the  nail*head — and  the 
embattled  fretted  mouldings. 

The  windows  of  this  style  were  usually  small  and  extremely 
simple,  havii^  no  mouldings  round  them,  but  only  a  receding 
face  on  the  outside,  the  inside  being  splayed.  Towards  the 
beginning  of  the  twelfth  century,  mouldings  and  colunms 
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were  introdaoed  in  the  jambe,  and  the  eenu-circalar  heads 
were  carved  with  the  zig-zag  and  other  enrichments  ;  about 
the  year  1180  the  highest  degree  of  ornamentation  ever 
applied  to  Norman  art  was  arrived  at. 
.  The  Norman  style^  which  had  been  gradually  advancing, 
in  the  richness  of  its  arrangement  and  ornaments,  from  the 
period  of  its  introduction  into  this  country  up  to  the  middle 
of  the  twelfth  century,  began  from  that  time  to  evince  the 
germs  of  different  combinations  and  features,  which  were 
characterized  by  the  verticality  of  its  prindples,  and  a  change 
from  the  semi-circular  to  the  pointed  form  of  the  arch.  This 
has  been  called  the  Tranntion,  or  Semi-Norman  style,  as  in 
it  we  find  the  pointed  ardi  in  its  incipient  state,  formed  by 
the  intersections  of  portions  of  a  circle,  whilst  the  details 
and  accessories  remained  unaltered :  thus  was  the  pointed 
arch,  for  nearly  fifty  years,  completely  intermixed,  more  or 
less,  in  conjunction  with  the  pure  Norman  style,  without 
entirdy  superseding  it,' until  the  dose  of  the  twelfth  century. 
We  have  abready  drawn  the  attention  of  our  readers  to  some 
of  the  various  theories  respecting  the  direct  origin  of  the 
pointed  arch,  and  shall  therefore  offer  no  farther  observations 
on  them,  but  merely  consider  this  prominent  feature  as  we 
find  it  introduced  in  our  buildings,  apparently  resulting  from 
new  combinations,  and  as  being  the  consequence,  and  not  the 
cause,  of  a  new  style. 

The  Transition,  or  Semi-Norman  style,  which  lasted  during 
the  reigns  of  Henry  the  Second  and  Richard  the  First, 
evinced,  in  its  early  stages,  no  other  deviation  from  the 
Norman  than  that  of  the  arches  being  pointed  ;  but  these 
were  frequently  introduced  in  situations  where  the  old  form 
was  actually  built  with  and  even  surmounting  them.  Thns 
we  find  them  in  the  choir  of  the  church  of  St.  Cross  Hanq>- 
shire :  the  lower  arches  here  are  pointed,  whilst  the  arcade 
above,  as  well  as  the  clerestory,  is  strictly  Norman  :  the  same 
arrangement  exists  at  Malmsbnry  abbey  church,  with  the 
exception  of  the  upper  story  having  been  built  nearly  two 
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centuries  afterwards.  In  the  transept  of  Romsey  chnrdi,  at 
the  west  end  of  Croyland  abbey  chnreb,  Lincolnshire,  and 
in  many  other  instances,  the  pointed  ardi  is  placed  beneath 
the  semi-circolar ;  and  this  has  not  been  an  after  alteration, 
bnt  is  really  the  original  work.  The  span  of  the  arches  at 
this  time  became  greater,  the  colmnns  higher  and  less 
massive,  and  the  capitals  began  to  be  ornamented  with  a 
kind  of  foliage  terminating  in  a  yolnteorbnlbonsleaf.*  The 
columns  were  frequently  octagonal  in  form,  and  the  baees 
had  additional  mouldings  with  an  oyerlaping  ornament  at 
the  angles,  and  were  placed  npon  square  plinths. 

Although  the  alteration  of  the  arch  and  diminution  in  the 
massireness  of  the  columns  were  at  first  the  only  indications 
of  a  transition  from  the  style  of  the  Normans,  yet  other  pecu- 
liarities, which  followed  in  gradual  succession,  bear  testimony 
to  the  certain  progress  that  was  being  made  towards  a  more 
ornate  and  lighter  style  of  architecture.  The  mouldings  were 
more  generally  beaded  and  less  massire,  yet  the  use  of  the 
zig-zag,  of  various  forms,  was  still  retained.  The  columns 
of  the  doorways  were  frequently  banded  in  the  centre,  and 
placed  quite  free  in  the  receding  angles  and  splays. 

Examples  of  this  period  may  be  instanced  in  many  of  the 
Norman,  as  well  as  Early  Pointed  buildings  :  the  great  west 
tower  and  south  wing  of  Ely  cathedral  are  especially 
deserving  of  attention.  Perhaps  no  finer  specimen  than  this 
exists  in  the  kingdom :  the  pointed  arch,  the  trefbiled  head, 
and  other  features  of  the  next  period  in  this  example,  here 
just  begin  to  appear,  although  the  whole  aspect  is  decidedly 
Norman.  The  vastness  of  the  surfaces,  which  are  completely 
covered  by  arcading  and  sculpture,  both  within  and  without, 
from  the  ground  to  the  very  roofs,  is  almost  bewildering  to 
the  eye  :  the  date  is  about  llTO.t  Buildwas  abbey,  Shrop- 
shire ;  Malmsbury,  Kirkstall,  Fountains,  and  Croyland 
abbeys  ;  the  churches  of  New  Shoreham  ;  Rutland,  North- 
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Mnpitonduie ;  Wakdcmi,  Norfott: ;  Ketton,  Bntbad;  Blox- 
ham,  Ozlordahire  ;  Little  Snoringi  Norfolk  ;  retain  portions 
of  the  work  of  this  date.  Trinity  chapel,  and  the  circolar 
part  called  Becket'g  Crown,  Ganterbnry  cathedral,  bnilt  i. 
D.  1115,  are  very  interesting :  St.  Josq^h's  chapel,  Glastonr 
bury,  erected  at  this  period,  is  perhaps  the  richest  iq>ecimen 
now  remaining  of  the  Semi-Nonnan,  or  Transition  style,  and 
remarkable  for  the  profusion  and  beauty  of  its  scolptnred 
detail,  as  well  as  the  close  resemblance  it  presents  in  many 
parts  to  the  snoceeding  styles.'^' 

It  has  been  usual  to  date  the  introduction  of  the  Pointed, 
or  what  hafl4>een  denominated  the  Early  English  8tyle,t  to 
about  A.  D.  1200,  although  the  yertical  principles  from  which 
it  sprui^  were  not  fuUy  deyeloped  for  thirty  years  afterwards. 

The  lancet,  as  well  as  the  equilateral  shi^^d  arch,  were 
used  at  this  period.  The  mouldings  in  general  consist  of 
alternate  rounds  and  deep  cut-hollows,  producing  a  strong 
effect  of  light  and  shade :  the  tooth  ornament  is  of  frequent 
occurrence  and  used  only  in  architecture  at  this  date. 

The  features  of  this  style  which  principally  distinguish  it 
from  all  others  are,  the  lancet  windows,  the  thin  isolated  and 
clustered  shafts,  the  buttresses  and  pinnacles,  the  foliage,  the 
mouldings,  and  the  sculptured  ornaments  and  figures  ;  all  of 
which  must  be  stodied  with  care  in  order  to  understand  and 
appreciate  fully  its  peculiarities,  and  will  be  found  generally 
to  determine  the  dates  of  the  churches.  The  windows  are 
of  yarious  kinds  in  the  early  period  :  the  lancet  windows, 
long  and  narrow,  of  one  light,  were  most  frequently  used, 
with  merely  a  small  splay  on  the  outside,  and  without  any 
label  moulding  ;  afterwards  they  were  surmounted  by  labels, 
which,  being  continued  horizontally  from  window  to  window, 
formed  a  striJQgH^ourse  between  them.  Two  lancet  windows 
under  a  sbgle  drip-stone  are  sometimes  met  with,  but  in  the 
most  beautiful  specimens  of  this  arrangement  the  jambs  and 
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the  pier  between  tbe  openingff  are  ornameDted  nith  deader 
shafts,  crowned  bj  moulded  capitals,  and  sarmoimted  bj  the 
motddings  of  the  arches,  oyer  which  are  moulded  donUe 
labels.  The  next  arrangement  is  that  of  a  triplet,«(Mr  a 
combination  of  three  windowi  together,  that  in  the  centre 
being  higher,  and  in  some  eases  larger  than  thoee  at  the 
side  :  the  arrangement  tii  coliauns  in  front  of  the  pien  and 
00  the  jambe,  as  w^  as  the  arch  and  kbel  mooldings,  1b 
nmilar  to  the  last  noticed,  l^ese  windowi,  in  the  smaller 
parodiial  chorches,  are  most  frequently  placed  at  the  ^eaet 
end  of  the  chancels,  and  are  onlj  splajed,  or  yery  sligfatlj 
decorated  with  monldings.  The '  combmation  that  next 
demands  oar  attention,  in  consequence  of  its  eyincing  tiie 
germs  of  another  class  of  Gothic  architecture,  and  bj  its 
being  the  first  appnndmation  towards  the  introduction  of 
tracery  in  the  heads  of  windows,  is  that  in  wMch  a  part  is 
pierced  oyer  a  double  lancet  window,  comiHrised  within  a 
single  drip-stone.  Circular  windows  were  frequently  intro- 
duced during  the  preyalenee  of  this  style,  and  were  inserted 
aboye  other  windows  within  the  angular  part  of  gables. 

The  doorways  of  this  style  yary  eonsid^^bly  both  in  form 
and  in  the  arrangements  of  the  arch  monldings  and  the  sup- 
porting columns :  in  some  cases  the  columns  are  single  de> 
tached  shafts,  placed  in  a  receding  angle,  whilst  in  others  we 
find  them  in  three  or  four  receding  spaces,  and  sometimes 
connected  by  bands  or  otherwise  moul(kd  :  the  upper  mouId« 
ings  of  the  capitals  were  mostly  continuous,  and  from  then 
s{»rung  assemblages  of  small  bead  and  hollow  mouldings,  in 
which  the  tooth  ornament  was  frequently  introduced.  In  the 
cathedrals  and  large  conyentual  churches  we  meet  with  double 
doorways,  diyided  by  cinstered  colomns  or  ornamented  piers, 
and  enclosed  by  a  twoKsentred  arch ;  the  space  aboye  the 
openings  being  i&lled  either  with  sculptured  figures  and 
ornaments,  or  else  by  moulded  quatrefoiled  tracery.  In  some 
of  these  the  heads  of  the  openings  are  cinquefoOed,  and 
xiehly  dse<ffated  with  mouldiogs  and  sculpture. 
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The  pillars  usaally  condst  of  nnall  shafts  (dften  of  Porbedc 
marble),  arranged  roand  a  circular  pier,  and  consected  by  a 
band  of  mouldings  at  half  the  height  of  the  shafts,  and  at 
the  capitals  and  bases  :  others  of  different  kinds  are  to  be 
foand  ;  a  circalar  or  octagonal  pillar  is  common  in  coantry 
chnrches,  which  is  crowned  by  moulded  capitals,  in  which  the 
nail-head  and  tooth  ornaments,  and  also  the  rich  flowing 
fbHage  of  that  style,  are  used.  The  buttresses  of  this  date 
were  often  very  prominent,  and  are  frequently  carried,  with 
occasional  weatherings,  to  the  tops  of  the  parapets,  and 
terminated  either  by  high  pyramidical  cappings,  or  else  by 
acntely  pointed  pediments.  .  Buttresses  at  this  period  w^re 
seldom  phiced  disganoUy  at  the  angles  of  the  buildings, 
although  such  disposition  in  the  succeeding  style  was  Tery 
general.  The  angles  of  the  buttresses  were  frequently 
chamfered,  or  else  small  shafts,  not  projecting  beyond  Ute 
face,  were  introduced.  The  canred  foliage  is  very  remarka- 
ble for  boldness  of  effect,  and  was  much  used  in  capitals^ 
brackets,  bosses,  crockets,  and  spandrils;  it  was  often,  so 
much  undercut  as  to  be  connected  with  the  mouldings  and 
backings  only  by  the  stalks  and  edges  of  the  leaves.  There 
is  generally  a  stifiFhess  and  mannerism  in  the  combinations  of 
the  sculpture  of  this  era,  but  the  effect  of  it  is  almost  always 
80  beautiful,  that  we  overlook  its  unreality  in  the  great  flex- 
ibility and  freedom  both  of  the  conception  and  execution. 
The  prevailing  leaf  is  a  trefoil;  this  was  also  used  to  form 
the  crockets,  which  had  their  origin  in  this  style. 

"The  Decorated,  or  Geometric  Middle  pointed  style,*' 
dates  from  a.  n.  12t4  to  137*7,  during  the  reign  of  the  three 
Edwards. 

The  Decorated  style  is  of  two  diaracters,  which  can  ba 
easily  defined  by  the  nature  of  the  traceries  of  the  windows, 
and  should  he  denominated  "  early  and  late  decorated."  In 
the  former,  the  geometrical  figures  prevail,  comisting.  of 
combinations  of  circles,  trefoils,  quatrefoils,  dnquefoils,  and 
triangles.    It  is  remarkable  for  the  harmony  of  its  forma. 
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Ibe  traeerj  and  eospings  trefe  Mlj  derelcped;  and  the 
vnituig  of  sereral  openingg  as  a  whole  onder  (me  ardi,  ar  a 
SBcceBsicm  of  concentric  mouldings,  marked  an  evident  devi- 
ation from  the  anrangemeM  and  princlfdes  of  the  Early  Eug^ 
lish  an^tectore.  Tliis  Oeometric  Middle  Pointed  stjle  maj 
be  eoDflidered  to  have  been  in  use  ontil  abont  a.  n.  132t,  or 
the  b^^inning  of  the  leign  oi  Edward  the  Third,  when  the 
eompofiitions  of  the  windows  seem  to  have  undergone  a 
change,  and  the  flowing  or  wavy  lines  succeeded,  producing 
an  afanost  «kUees  variety  of  combinations.  At  the  period 
to  which  we  now  refer,  viz.,  from  1327  to  1317,  the  archi- 
tecture of  this  eoontry  may  justly  be  considered  to  have 
attained  its  greatest  ezceUenoe,  both  as  regards  gracefnl 
proporti<m  and  a  luxuriant  profusion  of  beautiful  ornament 
and  mouldings.  By  very  gradual  progression,  and  almost 
impereeptible  changes,  had  these  principles  of  graceftd  de- 
sign and  imequalled  beauty  of  execution  been  arrived  at; 
and  it  cannot  be  denied  but  that  the  architectural  art  <tf  this 
period  was  neither  equalled  nor  surpassed  in  any  other  conn- 
try  or  in  any  age. 

The  general  plan  of  ecclesiastical  and  monastic  buildings 
of  this  era  was  littie  marked  by  uiy  deviation  from  that 
which  preceded  it:  any  change  in  the  arrangement  is  to  be 
attributed  more  to  the  requirements  of  the  situati<m  than  to 
any  alteration  in  the  principles.  To  the  details  and  parts 
of  the  combinations  we  must  look  for  the  distingukhing  pe^ 
cnliarities.  Throughout  the  century  during  which  this  style 
prevailed,  the  same  kind  of  arch  was  generally  used,  and  was 
either  equilateral,  obtuse-angled  triangles,  or  segmental  in 
form.  The  mouldings  consisted  chiefly  of  quarter  or  three- 
qnartv  rounds,  with  fillets,  and  in  small  churches  double 
receaBed  splays  alone  were  used:  the  deep  hollows  and  unfilr 
leted  beads  of  the  former  style  were  quite  discontinued. 

The  piers  of  this  period,  on  which  the  nave  arches  rested, 
were  frequently  composed  of  half  or  three-quarter  cylindrical 
ahaftSi  wluch  in  some  instances  had  small  fiQets  at  thdr 
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greatest  proJ6ctl<»i,  and  fa  others  smaBer  slHtltB  or  fiOeted 
Bonldings  were  placed  at  thejnnctioii  of  the  laige  skaAs : 
this  airangeme&t  diflere  from  the  Early  Baglish  in  the  ed- 
umiis  being  more  doselj  united.  The  octagonal,  cylindrical 
and  drcnbr  pier  is  more  generally  to  be  foand  in  onali 
chnrdies.  The  capitals  are  more  frequently  belkAiaped, 
crowned  by  qnarter^rouids,  fillets,  and  other  mouldings,  and 
having  at  the  lower  part  a  beaded  or  chamfered  astragal. 
In  the  richer  instances,  or  in  large  chnrches,  the  cs^tals 
were  either  nnmeroosly  moulded,  or  ornamented  with  light 
el^ant  foliage,  distribnted  completely  oyer  all  parts  of  the 
capital  bnt  the  abacas  and  the  astragal ;  fignres,  battlements, 
and  the  ball-flower  were  frequently  introduced  on  it.  The 
bases  of  the  {Hers  differ  from  those  of  the  preceding  style,  in 
tiieir  being  composed  of  two  or  more  small  round  mouldings, 
with  eithw  a  quarter-round  or  hollow  below,  and  beneath  it 
a  splay  or  eurred  moulding  was  sometimes  introduced.  The 
ogee  form  was  in  some  cases  used,  bnt  it  more  frequently 
denoted  a  later  period.  In  plan,  l^e  base  mouldings  take 
yarious  forms,  not  always  foUowing  that  of  the  lAaft,  but 
dianging  from  the  drcular  to  the  octagonal,  and  fh)m  the 
ootagonal  to  ihe  square. 

The  windows  of  this  style,  as  we  haye  before  stated,  diflbr 
from  those  of  the  Early  English  style,  in  haying  their  q)en- 
ings  connected  and  blended  together  either  by  geometrical 
or  flowering  tracery  comprised  under  two-centered  arch 
mouldings.  They  are  generally  large  and  of  good  propor- 
tion: those  which  were  placed  either  at  the  east  or  west 
fonts,  or  at  the  transepts,  yaried  from  three  to  seyen  lights 
each,  and  were  divided  by  mullions,  which  at  the  springing 
of  the  arch  branched  out  either  into  geometrical  or  flowing 
combinations.  The  great  variety  of  the  traceries  in  windows 
of  this  style  renders  their  description  extremely  difficult. 
In  the  best  and  most  perfect  instances,  we  find  a  j^indpal 
and  subordinate  arrangement;  the  extreme  mouldings  bounds 
Ing  the  general  forms,  whilst  the  seoondary  or  inside  uMWild- 
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logs  mark  the  dispoflition  and  form  of  the  lights.  It  is 
acarcei  J  neceeflaiy  to  obaerre,  that  these  harmonioas  arrange- 
ments of  flowing  lines  were  not  produced  sdely  from  a  cog> 
reet  peroeptioii  of  beaatiftd  forms,  bat  were  gronnded  on 
that  oonsnmmate  sidll  and  mathematical  knowledge  for  which 
the  fre^nnasons  of  this  country  were  so  eminent.  Sqnare- 
headed  windows  were  yery  frequently  employed,  both  in  the 
aides  of  the  smaUer  churches  and  in  the  clerestories ;  in  many 
of  them  the  baU-fiow^  is  inserted  into  the  hollows  of  the 
jambs  and  along  the  top  mouldings,  and  somethnes  it  is 
introduced  into  the  under  mouldings  of  the  label.  Seg- 
mental, flat4ieaded  and  dreular  windows  were  likewise  used. 
Windows  of  triangular  form,  having  the  sides  curved  and 
liHed  in  with  tracery,  are  likewise  peculiar  to  this  date,  and 
eitiier  used  to  fill  up  the  angle  of  the  gable  or  in  clerestories. 
Square  and  diamond-shaped  windows  are  sometimes  intro- 
duced in  churches  of  this  period. 

The  buttresses  of  this  style  are  more  varied  in  form  and 
dispoeitien  than  those  which  preceded:  in  the  smaller  build- 
ings they  are  generally  of  two  stages,  and  frequently  finished 
by  gable4ieaded  terminations,  sometimes  adorned  with 
crockets  and  finials.  A  gable  is  sometimes  introduced  at 
the  middle  weathering,  and  at  the  top  there  is  only  a  succes- 
sion of  weatherings  or  moulded  water  tables,  with  a  splay 
and  half  round  moulding  at  the  nosing  or  greater  projection. 
Traceries  and  panels  are  frequently  sunk  within  the  faces  of 
the  buttresses  of  the  large  ecclesiastical  buildings.  Niches 
were  likewise  made  in  some  of  those  attached  to  parochial 
churches.  Except  in  large  buildings,  where  the  buttresses 
have  pyramidical  tominations,  the  gaUe  heads  are  not  car- 
ried above  the  parapets.  In  many  cases  both  the  heads  and 
set-oft  are  weathered  and  splayed  without  enrichment:  the 
buttresses  of  this  date  were  placed  at  the  angles,  or  diagon- 
aBy  with  the  faces  of  the  walls.  Flying  buttresses  were  also 
used. 

The  nidies  <^  this  period  were  generally  surmounted  by 
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canopies  of  a  pedimental  or  ogee  fona.  The  parapets  were 
pierced  with  trefoil  and  qaatrefiHl  opemngs.  Gorgoyk,  or 
grotesque  figures  projecting  from  the  walls,  were  first  emr 
ployed  to  conduct  the  waters  from  the  gutters  Concemiiig 
the  other  minor  details,  we  cannot  now  speak. 

We  have  now  reached  the  "  third  period  of  the  fointei 
styk^^^  which  may  be  dated  firom  the  latter  part  of  the  four- 
teenth century  to  the  commencement  of  l^e  sixteenth,  <x 
early  in  the  times  of  Henry  the  Eighth.  The  general  pecu- 
liarities of  the  fully  deyeloped  style  of  the  fifteenth  century 
are  chiefly  visible  in  the  mcreased  expansion  of  the  upright 
and  square  tendency  of  the  tracery  of  the  windows,  the 
gorgeous,  fan-like  tracery  of  the  groinings,  the  four-centered 
arches  and  horizontal  lines  of  the  doorways,  the  excessiye 
decoration  of  the  wooden  roofe,  and  in  the  decoration  of 
heraldric  enrichments  and  color. 

The  next  class  is  "  2^  Castellated  and  Doma^  Bwlduigt 
of  England,  from  the  Norman  to  the  Tudor  Times:^  The 
buildings  of  the  Anglo-Saxon  nobility,  as  well  as  those  of 
the  burgesses  and  common  people  of  England,  were  of  a  very 
humble  character,  and  consisted  of  timber  covered  with  reeds 
and  straw:  the  former,  says  William  of  Malmsbury,  "  squan- 
dered their  ample  means  in  low,  mean  dwellings."  On  the 
settlement  of  the  Normans  after  the  Conquest,  the  kings, 
nobility  and  prelates  erected  large  and  magnificent  palaces 
or  castles;  and  the  bai'ons  were  equally  jealous  in  raising 
fortified  castles,  as  were  the  priests  in  erecting  fortified 
buildings.  This  change,  like  all  others  in  the  art  of 
building,  was  the  result  of  necessity:  the  Normans  found, 
that  although  they  had  conquered,  and  intended  to  retain 
possession  of  the  country,  yet  they  were  surrounded  by  vas- 
sals by  whom  they  were  detested,  on  account  of  the  plunder 
and  subjugation  to  which  they  were  compelled  to  submit. 
During  the  reign  of  Stephen,  from  1135  to  1154,  no  less 
than  1115  castles  were  raised  from  their  foundations.  An 
eminence  near  a  river  was  the  situation  usually  chosen:  the 
boundary  walls  were  often  of  great  extent,  and  in  plan  very 
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iftegidar,  tbelr  form  being  regtikted  b j  the  nature  of  the 
position,  or  leyelfl  of  the  ground:  the  whole  was  snrronnded 
bj  a  broad  ditch,  called  the  foeee,  which  conld  be  filled  with 
water  when  required.  The  most  advanced  work  bejond  the 
fosse  was  the  barbican  or  watch-tower;  it  was  placed  before 
the  drawbrk^  and  prmctpal  entrance,  as  a  protection  from 
sodden  assanlts:  these  outworks  were  of  great  strength,  and 
so  planned,  that  if  the  gate  was  forced,  those  within  could 
BtiU  annoy  the  assailants  from  the  turrets  and  embrasures 
during  their  attack  on  the  drawbridge  entrance.  Within 
the  ditch  was  a  wall  of  great  strength,  frequentij  ftt>m  8  to 
9  feet  in  thickness,  and  as  much  as  80  feet  in  height;  towers 
were  placed  at  the  most  commanding  or  principal  positions 
of  it,  in  which  the  principal  officers  of  the  castle  resided: 
inside  of  the  wall  were  the  apartments  for  the  retainers,  ser- 
Tants,  as  well  as  storehouses  and  necessary  offices.  On  the 
top  of  the  wall  was  a  platform  extending  the  whole  length 
and  oyer  the  towers:  the  side  towards  the  ditch  was  pro- 
tected bj  battlements.  The  great  gate  was  flanked  on  each 
side  with  a  square  or  circular  tower,  and  above  the  gateway 
were  rooms  which  communicated  with  those  in  the  towers. 
The  mode  of  protectii^  this  entrance  was  by  a  portcullis,  or 
framework  of  wood  foced  with  iron;  it  was  fixed  in  a  groove, 
and  was  raised  or  lowered  by  machinery;  behind  this  were 
massive  oak  double  doors,  which  were  either  covered  with 
iron  or  large  naO-heads.  Within  the  external  wall  was  a 
large  open  space  or  court,  containing  the  chapel:  in  some 
instances  another  ditch  or  wall  enclosed  an  inner  court  or 
baliinm,  where  the  dungeon  or  keep  was  placed.  This  great 
tower,  the  principal  stronghold  of  the  castle,  was  built  on 
the  most  elevated  spot,  sometimes  on  an  artificial  mound, 
and  varied  from  four  to  five  stories  in  height.  The  walls 
were  of  great  thickness,  and  in  them  the  passages  or  stairs 
were  boilt:  the  openings  were  small,  and  admitted  but  littl^ 
light  into  the  apartments.  This  building  was  used  as  the 
residence  of  the  owner,  or  constable  of  the  castle,  and  was 
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proTided  with  underground  ranlts  for  the  confinement  at 
priflonera.  On  the  second  floor  was  the  state  room  or  hall  for 
entertainment,  as  well  as  a  chapel.  This  mass  of  masonry 
was  made  to  c<Hitain  provisions  and  ammnnition  for  a  long  de- 
fence, in  the  event  of  the  rest  of  the  castle  being  taken:  the 
well  was  nsoallj  in  thecentreof  the  tower,  and  had  openings 
to  each  floor.*  The  only  admission  to  this  tower  was  by  a  door 
at  from  15  to  20  feet  from  the  ground,  approached  by  a  steep 
extemid  staircase.  The  whole  of  this  strong  bnildii^  was 
sannonnted  by  projecting  battlements  and  machicolations, 
through  the  openings  of  which  arrows,  stones  and  other  mis- 
fflles  were  thrown  on  the  assailants.  In  the  beginning  of  the 
fourteenth  century,  the  habitable  began  to  change  into  the 
castellated  mansion. 

The  Domestic  and  Oivfl  Architecture  of  England  of  the 
Tudor  and  Elizabethan  periods,  differ  from  the  preceding  in 
its  applicalnHty  to  domestic  as  well  as  ecclesiastieal  structures. 

In  the  omam^tal  domestic  architecture  oi  the  fifteenth 
and  sixteenth  centuries,  generally  designated  Tudor,  (there 
are  very  few  examples  before  that  period,)  we  perceire  the 
same  style  as  that  of  the  ecclesiastical  buildings  applied  to 
another  class,  where,  although  the  parts  are  somewhat  diflfep- 
ently  composed,  the  style  of  ornament  and  detail  is  essen- 
tially the  same.  Borne  features,  such  as  do<»ways  and 
porches,  are  very  little  altered  from  those  of  churches;  while 
others,  unknown  to  the  latter  class  of  buildings,  such  as 
chimneys  and  projecting  windows,  became  higUy  character- 
istic and  decorative  in  this.  Oriel  and  bay  windows  are 
peculiar  to  this  style:  these  terms  are  often  used  indiscrimi- 
xiately; — ^the  former  of  these  project  out  in  the  ui^r  part 
of  the  building,  and  overhang  that  below,  being  corbelled 
upon  mouldings  splaying  downwards  on  every  side:  the  latter 
may  be  similar  in  openings  and  ornament,  but  they  rise  imm^ 
diately  from  the  ground,  and  are  connected  with  the  building 
by  the  base  and  stringcourse  mouldings.    Oriels  are  both 
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fliDgk  Mid  compomid,  tbat  is,  are^eitlier  ooniaed  to  <»e  of 
the  vpper  floon  of  the  buildhig,  or  carried  up  through  ail 
itostoriee. 

Although  chimneys  had  been  long  inrented,  and  were 
much  in  use  for  other  rooms,  onr  ancestors  do  not  qspear  to 
hare  introdaced  them  generally  into  their  halls  vntil  the 
Old  <^  the  fifteenth  or  the  eariy  part  of  the  sixteenth  cen- 
t«ry.  The  premnsly  open  hearth,  on  which  the  fire  was 
made,  was  in  the  centre  of  the  hall,  and  the  smoke  escaped 
throogh  the  lonvre  lantern  in  the  roof:  abont  this  period 
they  were  added  to  many  halls  of  an  older  date. 

The  general  plan,  as  we  hare  hefon  obserred,  of  the 
larger  mansions  of  the  Todor  period  was  qnadrangolar,  con« 
sisting  of  an  kkner  and  base  coort,  between  which  stood  the 
gate-hoase:  on  the  side  of  the  inner  conrt  facing  the  en- 
trance, the  principal  apartments  were  placed;  these  consisted 
of  the  hall,  the  chapel,  the  great  chamber  and  dining-room^ 
and  were  connected  with  a  gallery  for  amosements,  ronning 
the  whole  length  of  another  ride  of  the  quadrangle. 

The  great  halls  in  the  palaces,  mansions  and  colleges  of 
this  period  were  extremely  lofty,  frequently  predominating 
OTer  the  snrroonding  buildings:  the  ceilings  and  roofs  were 
very  boldly  constructed  and  elaborately  ornamented. 

The  reign  of  Elizabeth  is  remarkable  for  the  introduction 
of  a  style  of  domestic  architecture  more  systematic  in  plan, 
more  commodious  in  its  arrangements,  and  imporing  in  its 
effects,  than  any  preceding.  Up  to  this  period  the  mansions 
of  the  nobles  were  only  one  story  in  height,  and  in  plan 
greatly  deficient  in  the  requirements  incidental  to  the  im- 
proved social  condition.  Indeed,  the  domestic  architecture 
under  Elizabeth  had  assumed  a  more  scientific  character,  and 
we  have  ample  eyidence  that  no  building  was  now  undertaken 
without  the  prcTious  arrangement  of  a  well  considered  plan. 
Books  on  the  arts  of  design  and  construction  were  now  pub- 
lished, and  architects  had  begun  to  act  upon  a  system  in  the 
constmction  of  the  palatial  houses  of  the  aristocracy.    The 
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principal  demtion  from  the  plans  of  the  Tndor  houses  was 
in  the  frequent  introduction  of  bay  windows;  the  improTe- 
xnent  in  the  galleries,  which  were  now  generallj  lofty,  wide, 
and  more  than  100  feet  in  length;  that  of  staircases,  from 
being  small  and  inconyenient,  to  occupying  a  considerable 
portion  of  the  mansion,  and  communicating  with  the  entrance 
or  staircase  halls  of  spacious  dimensions.  The  exteriors  of 
the  porticoes  were  greatly  enriched  with  carved  entablatures, 
columns,  pilasters,  figures,  armorial  bearings,  and  erery 
variety  of  device  which  the  most  fantastic  imagination  could 
supply. 

To  houses  of  this  date,  terraces  of  great  grandeur  were 
generally  attached,  connected  with  each  other  by  broad 
flights  of  steps; — ^they  were  bounded  by  richly  perforated 
parapets  or  balustrades.  The  windows  retain  more  of  the 
Oothic  character  than  any  other  feature;  they  were  divided 
by  mullions  and  transoms,  although  their  height,  as  well  as 
width,  was  generally  much  increased:  in  some  examples  there 
are  three  or  four  tiers  of  openings,  diminishing  in  height  as 
they  ascend. 

The  Italian  Orders  are  much  introduced,  but  their  classic 
proportions  not  attended  to:  the  columns,  pilasters,  and  piers 
are  usually  banded  in  several  courses  by  square  blocks,  which 
are  constantly  decorated  with  diamond  or  jewel-shaped  pro- 
jections: this  ornament  is  of  very  frequent  occurrence,  and 
may  be  considered  as  a  distinct  characteristic  of  this  style. 
The  entablatures  are  more  usually  broken,  either  by  project- 
ing profiles  or  scrolled  and  voluted  ornaments.  The  bay 
windows,  parapets,  and  gables  are  terminated  in  general  by 
perfiprated  ornaments  of  either  a  square,  circular,  or  scroll 
form. 

This  singular  manner  of  designing  must  be  examined  to 
be  well  understood;  no  description  can  possibly  convey  a 
just  idea  of  its  complex  forms  and  elaborate  ornaments. 
There  is  perhaps  no  class  of  English  architecture  more  com- 
pounded of  inconsistencies,  defects,  and  beauties,  than  this 
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adztitfe  of  Gotine  and  Italian;  but  to*  be  properly  appre- 
ciated, it  shoxild  be  stodied  with  a  mind  unbiased  alike  by 
tlie  tendencies  of  a  preTions  education  and  the  indiscriminat* 
ing  caprices  of  fiiduoQ.  The  api^cation  oi  this  style  to 
country  mansions  is  unqnestiiMiably  not  to  be  equalled  by 
any  other,  as  its  Taried  fcmns  of  plan  and  outline  will  either 
hurmoaize  or  contrast  beautUhlly  with  scenery  of  any 
description. 

One  of  the  most  celebrated  architects  ci  the  reigns  (A 
Elizabeth  and  her  successor  was  Jc^n  Thorpe,  who  designed 
and  erected  most  of  the  principal  palatial  edifices  of  the 
time.  The  general  form  of  his  plans  is  that  of  three  sides 
of  a  quadrangle,  and  the  portico  in  the  centre.  When  the 
quadrangles  were  used,  they  are  surrounded  by  an  open 
arcade  or  corridor.  Bernard  Adams  and  Lawrence  Brad* 
shaw,  Kobert  and  Huntingdon  Smithson,  were  also  eminent 
architects  of  this  period. 

The  plaster  ceilings  of  the  Elizabethan  date  are  particu- 
larly  deserying  of  attention,  on  account  of  their  richness  and 
beautiful  arrangement:  the  fire-places,  paneling,  cornices, 
friezes,  and  ornaments  of  the  principal  apartments,  were  ex- 
tremely varied,  and  generally  good  in  design. 

The  early  part  of  the  serenteenth  century,  during  the 
reign  of  James  the  First,  is  the  period  of  the  introduction  of 
unmixed  Italian  architecture  into  England:  it  is  to  be  attri- 
buted to  the  genius  of  Inigo  Jones,  who,  in  the  early  pact 
of  his  professional  career,  had  erected  and  altered  several 
large  buildings  in  the  nuxed  style,  which  continued  to  pre- 
vail until  his  masterly  designs  of  the  Yenetian  school  caused 
a  general  admiration  and  adoption  of  this  class  of  art  Lit- 
tle is  known  of  Inigo  Jones  or  his  works  as  an  architect  pre- 
vious to  1605,  when  James  the  First  visited  the  university 
of  Oxford,  at  which  time  he  was  employed  on  the  quadrangle 
at  St.  John's  college,  and  had  been  to  Italy:  from  that  time 
until  his  second  visit,  the  buildings  on  which  he  was  engaged 
wefe  of  ft  mixed  or  transition  character;  when,  by  a  careful 
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0MI7  of  the  works  of  PaQadio^  he  perfected  his  taste,  flpraed 
his  jadgmeat,  and  lAid  the  fonndstioii  for  his  ftitore  wefl- 
nmtedrepatatton.  OiihisT8tamtoEDglaadhewasappoi]t<t- 
ed  to  the  office  of  Smreyor  of  Public  Bnildiiigs,  aDd  from 
that  time  his  hme  and  praetice  rapidl j  inereased. 

The  numerooB  works  execated  bj  Jones  have  recdyed,  at 
different  tunes,  both  praise  and  seyere  eritioism  :  it  must  be 
admitted  that  his  admiration  of  Palladian  architectore  some- 
times led  him  to  adopt  plans  and  arrangements  for  hooses 
not  altogether  suited  to  onr  climate  or  habits,  and  to  aim  at 
a  s{Jendor  of  design,  which,  under  the  drctonstances,  could 
not  be  accomplished.  Hie  combination  of  his  windows  was 
Italian,  and  the  piers  between  them  were  frequently  so  laige 
as  to  offer  too  much  obstruction  to  the  admission  of  suffi- 
cient light.  Objections  have  been  offered  to  the  height  of 
his  roofs,  uid  the  unmeaning,  as  well  as  usdess,  introduction 
of  porticoes  in  the  centres  of  his  fagades.  The  encourage- 
ment reoeiTed  bj  Ii^  Jones  was  brought  to  a  dose  by  the 
misfortones  of  his  royal  patron:  art  or  artists  found  so  little 
favor  or  encouragement  during  the  time  of  the  Common- 
wealth, that,  unmindftd  of  his  talents,  he  had  to  pay  J&545 
as  a  penalty  for  being  a  Roman  Catholic.  Disappointment 
and  trool^  accelerated  his  death,  which  took  place  in 
1651. 

The  fire  of  1666,  whidi  destroyed  nearly  the  whole  of 
London,  was  the  occasion  to  which  Sir  Christopher  Wren 
was  indebted  for  the  opportunities  of  displaying  his  skill  in 
architecture  and  eonstructire  seience.  One  of  hra  first  de- 
signs was  that  for  the  rebuilding  the  dty  on  a  regular  plan, 
which  unfortunately  was  never  carried  wholly  into  effect, — 
and  is  the  more  to  be  rc^greted,  as  we  then  should  hare  be^ 
spared  the  inconvenience  resulting  from  our  present  bad 
arrangement.  The  task  of  rMrecting  the  cathedral  of  St 
Paul  and  the  greater  part  of  the  churches  in  the  city  was 
intrasted  to  Wren,  whose  distinguished  talents  were  fully 
equal  to  the  stupendous  undertaking.     No  architect,  before 
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«r  ibeeUs  ttme,  has  ponened  sadi «  Taiietir  of  kBOwbdge, 
both  in  design  sod  amst?iictioii:  the  mnkipHdtj  and  vmg- 
nitode  of  his  woriu  prodaim  the  nniyenalitj  of  his  gezdos. 
Re  same  hand  produced  the  noblest  of  modhBrn  cathedrals, 
the  largest  palaee,  hospitals,  and  nnmberless  pnblie  and  pri* 
rate  boildings,  bendes  twentj-five  churches  in  the  dtj  of 
London.  Great  length  of  days  were  bestowed  on  him; — 
"  he  lived  to  enrich  the  reigns  6i  scTeral  princes,  and  dis- 
graced the  last  of  them;^ — (at  the  adruiced  age  of  86  he 
was  removed  hj  Oeorge  I.  from  the  office  of  Snrrejor  Gen^ 
eral;) — "he  restored  London,  and  recorded  its  fall;" — he 
designed  and  Kved  to  complete  a  bnilding  which  is  the  boast 
of  England  and  the  admiration  of  the  world,  of  which  a  gen^ 
eral  descriptton  k  all  that  we  can  give. 

The  cathedral  church  of  St.  Panl  stands  on  a  greater  por- 
tion of  the  site  of  the  c^d  one:  thedengns  were  approved  by 
Charles  II.,  and  the  warrant  issued  for  the  ezeontion  of  the 
works  on  the  Ist  of  May,  1615.  The  first  stone  was  laid  on 
the  Slst  of  Jane,  1615:  within  ten  years  the  walls  of  the 
tboit  and  aisles  and  the  north  and  sonth  porticoes  were  fiiH 
islied,  and  the  piers  of  the  dome  were  brought  up  to  the 
same  height.  The  highest  stone  on  the  top  of  the  lantern, 
which  was  the  last,  was  laid  by  the  son  of  the  ardiitect,  in 
1110.  The  whole  edifice  was  completed  in  thirty-five  years, 
having  only  one  ardiitect,  one  maste^mason,  and  the  see 
being  occupied  the  whole  time  by  one  bishop. 

The  plan  of  St.  Paul's  is  a  Latin  cross,  measuring  from 
east  to  west  480  feet;  its  general  breadth  on  the  exterior  is 
125  feet,  and  fkom  the  north  to  the  south  ends  of  the  tran* 
septs  S80  feet.  The  western  end  of  theedifice  isflanked  by 
towers  on  the  same  plan  as  the  walls,  but  projecting  21  i^t 
beyond  the  north  and  south  walls,  thus  making  the  whole 
widtii  of  the  la^ade  180  feet.  The  exterior  of  the  building 
consists  of  two  Orders; — the  lower,  or  Corinthian,  stands  on 
a  basement  10  feet  above  the  ground,  which  is  the  level  of 
the  dinrdi,  whidi  on  the  western  side  is  api^oaohed  by  a 
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magnlficeBt  flight  of  marble  steps,  eztoiding  nearly  the  wliok 
breadth  of  the  front  From  this  lerel  to  the  top  of  the 
entablature,  or  the  whole  height  of  the  Order,  is  50  feet ; 
and  fr(»n  this  to  the  upper  part  of  the  second  Order,  which 
is  Composite,  is  40  feet ;  thns  making  the  whole  height  of 
the  body  of  the  chnrch  100  feet  from  the  ground;  A  ma|^ 
nificent  portico,  of  the  two  Orders  in  height,  ornaments  the 
western  front;  the  lower  story  consists  (tf  twdve  conpled 
columns,  and  the  upper  of  eight,  besides  four  pilasters ;  tins 
portico  is  surmounted  by  a  pediment,  on  whose  tympanum 
the  subject  of  the  conyersion  of  St.  Paul  is  sculptured  ia 
high  relief.  At  the  ends  of  the  transepts  are  porticoes,  in 
form  of  a  segment  of  a  drde,  round  which  are  six  fluted  Co- 
rinthian columns;  this  is  crowned  by  a  half-dome,  resting 
against  the  wall  of  the  building. 

In  the  absence  of  an  elevation  and  section  of  the  dome 
and  lantern,  it  would  be  nearly  impossible  to  give  a  satisfao- 
tory  description  of  the  constructive  peculiarities  of  this  and 
other  portions  of  the  building;  we  must  therefore  content 
oursdves  with  only  giving  the  dimensions.  The  height  from 
the  pavement  to  the  opening  of  the  inner  dome  (which  is  of 
brick-work)  is  168  feet,  and  its  diameter  100  feet.  On  the 
haunches  of  this  dome,  at  200  feet  from  the  pavement,  rests 
the  base  of  a  cone  of  brick-work,  the  top  of  which  is  285  feet 
from  the  level  of  the  church:  this  carries  a  stone  lantern  56 
feet  high,  terminating  in  a  dome,  and  above  this  is  a  ball 
and  cross.  The  external  dome  is  of  oak,  covered  with  lead, 
and  is  supported  by  horizontal  and  vertical  timbers  resting 
on  corbels  fixed  in  the  brick  cone.  The  lateral  thrust  of  the 
cone  and  the  interior  dome  is  restrained  by  four  tiers  of  strong 
iron  chains,  bedded  with  lead  La  grooves  cut  in  the  masonry 
at  the  base  and  at  different  heights  on  the  exterior  of  the 
dome.  The  towers  at  the  extremities  of  the  western  front 
are  220  feet  high,  and  ornamented  with  Corinthian  pilasters, 
terminating  above  the  roof  of  the  church  in  open  lanterns, 
and  covered  with  domes.    On  the  exterior  of  tiie  building. 
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the  inteiTAlB  of  the  columns  and  pflaaters  are  occupied  b j 
niches  or  windows  with  semi-circolar  or  horizontal  heads, 
and  crowned  by  pediments.  In  the  upper  Order  of  the 
north  and  south  sides  there  are  no  windows,  as  it  is  merely  a 
screening  wall  to  the  nave. 

This  edifice  may,  for  elegance  of  design,  bear  comparison 
with  any  in  Europe,  not  eyen  excepting  St.  Peter's  at  Rome, 
though  it  is  far  from  being  so  large.  It  must  be  admitted, 
howerer,  that  the  interior  faces  of  the  walls  present  a  naked 
appearance,  and  require  much  embellishment  from  ornament- 
al sculpture  before  they  will  harmonize  with  the  richness  of 
the  exterior.  A  great  defect  also  arises,  in  the  interior, 
from  the  want  of  connection,  which  is  caused  by  the  arcades 
interrupting  the  entablatures.  Sir  Christopher  Wren  ap- 
pears to  have  surpassed  all  those  who  preceded  him  in  the 
skill  required  for  raising  a  building  on  the  minimum  of  foun- 
dation. Some  criterion  may  be  drawn  of  the  comparatiye 
skill  employed  in  the  construction  of  other  buildings  some- 
what shnilar,  by  comparing  the  ratio  between  the  area  of 
the  whole  plan  and  that  of  the  sum  of  the  areas  of  the  whole 
of  the  piers,  walls,  and  pillars  which  serve  to  support  the 
superincumbent  mass.  To  produce  the  greatest  effect  by  the 
smallest  means  is  one  of  the  first  qualifications  of  an  archi- 
tect, and  the  similarity  of  four  churches  affords  a  criterion  of 
their  respective  merits  as  to  the  least  amount  of  solid  for  < 
area. 

Wren  lived  to  complete  St.  Paul's  (which  cost  ^£736,752, 
exclusive  of  the  stone  and  iron  enclosures  ro^nd  it,  which 
cost  j&ll,202):  he  died  in  1T23,  at  the  age  of  91,  and  was 
buried  under  the  fabric, — ^with  four  words — 

SI   QUJERAS  MOKXTKENTUM   CIRCUMSPICB. 

At  the  commencement  of  the  eighteenth  century  flourished 
Sir  John  Yanbrugh,  who  built  edifices  after  fashions  of  his 
own. 

After  him  came  James  Gibbs,  who  built  many  churches 
and  other  buildings;  then  came  Sir  William  Chambers,  the 
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architect  of  Somenet  Hoaae  and  the  author  iji  an  ezoelleiit 
woi^  OB  civil  architecture. 

England  t^^j  practifleB  all  sorts,  and  has  no  distincilTa 
style  of  its  own. 


Oy  ABCBXtWCTUWMmi  116 


BOOK    III. 


OHAPTBBI. 

V^niium  of  ArAitectwrey-^  Necessity y  Usee  and  RequiremeniL 

"  Wen  boOdiaf  h«th  three  o<mdition«  :  Commodity,  FlrmikeM  and  Delight" 

8ut  Bust  WoAoh. 

-ARCHiTxcrnRE  is  the  art  of  well  bailding;  in  other  words, 
the  perfect  adaptation  of  a  bmlding  to  each  of  its  parts,  and 
to  the  purposes  of  its  bnildlng.  There  is  a  wide  difference 
between  the  art  of  Building,  and  Ardutectnre — ^bnt  none 
between  Architecture  and  ti762^Bnilding.  No  building  is 
well  built  which  does  not,  in  addition  to  all  its  utilitarian 
purposes,  CTince  the  greatest  beauty  capaUe  under  the  cir- 
comstances,  to  attract  the  attention,  to  exercise  the  fancy, 
to  subdue  the  pasnons,  to  call  forth  the  aspirations,  or  to 
dacde  with  its  impoong  miyesty,  as  may  be  most  appropriate. 

The  contemplation  of  perfection  is  always  the  contemplar 
tbn  of  a  thing  of  Beauty.  Perfection  is  always  beautiful, 
and  truly  has  it  been  said  of  Architecture,  or  well-building, 
tiiat  it  is  ''  the  art  of  the  beautiful  in  building." 

Hie  contemplation  of  "  a  thing  of  beauty  is  a  joy  forever,'' 
and  rightly  has  Sir  Henry  Wotton  said  that  '*  Delight''  is 
an  mseparable  conditi<m  of  Architecture.  That  building 
which  awakens  not  in  the  human  breast  feelings  of  pleasure 
er  delight,  is  not  well-building,  or  Architecture. 

In  no  ciTiUzed  country  is  the  art  of  true  Architecture  less 
miderstood  or  practiced  than  in  the  United  States.  True, 
we  have  buikdi^  which  are  perfect  samples  of  nearly  every 
style,  character,  and  order  of  architecture,  which  has  ever 
been  known  in  any  portion  of  the  globe.  But  there  is  a 
prendling  sentiment  too  common  among  our  people,  that  if 
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it  be  '*  finu  or  stable/'  and  commodionB  or  conTenient,  that 
all  that  18  required  is  had.  This  sentiment  was  never  leaiA* 
ed  by  man  from  nature,  nor  does  he  act  upon  it  in  his  other 
occupations  and  pursuits.  The  rain  that  descends  from  the 
hearens  to  moisten  the  earth  and  to  nourish  regetation,  fails 
not  while  doing  its  work  to  paint  the  beauteous  rainbow  to 
please  and  gladden  the  hearts  of  all  obserrers.  Our  coun- 
trymen should  hare  it  impressed  upon  them  that  even  though 
their  buildings  be  conyenient  and  stable,  unless  they  show  all 
the  beauteous  perfection  which  the  circumstances  admit,  they 
are  neither  architectural  or  well-built.  Buildings  may  be 
sometimes  perfectly  fitted  to  their  purpose,  and  yet  not  only 
devoid  of  beauty,  but  positively  hideous  and  di^^usting  to 
the  eye.  There  are  four  points  quite  necessary  to  be  kept  in 
view  in  Architecture — ^Politeness,  Beauty,  Expression  and 
Poetry. 

Ist.  Fdiieness.  From  the  time  that  selfish  Gain,  the 
first-bom,  beat  down  as  an  enemy  and  destroyed  his  brother 
Abel,  the  second-bom,  to  the  present  day,  selfishness  has 
been  a  dominant  and  d^rading  principle  of  manhood  As 
manhood  grew  in  the  human  breast,  so  selfishness  began  to 
die.  Step  by  step  may  we  see  man's  exclusiveness  expand- 
ing from  self  to  the  family,  ftom  the  family  to  the  tribe,  fi'om 
the  tribe  to  the  nation,  fall  to-day  we  see  manhood  owning 
man  for  his  brother.  He  even  does  not  now  consider  that 
edifice  or  structure  well-built  which  does  not,  in  addition  to 
its  purposes  of  utility,  possess  that  beauty  which  will  awa- 
ken manly  pleasure  and  delight  in  the  breast  of  every  brother 
man  who  contemplates  it.  That  selfishness  whidi  ereeti 
buildings  with  a  single  eye  to  the  convenience  of  him  who 
builds  them,  has  died  out.  The  fraternity  of  manhood 
requires  that  it  must  be  adorned  with  beauty,  bufltwithpr^* 
priety,  fitness  and  order,  so  as  not  to  offend  to  tiie  »enm  #r 
t{uU  of  men,  but  to  please,  to  amaze,  or  to  compliment 
them. 

2d.  Beaiuif/  is  ever  associated  with  perfection^  not  ornament. 
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Jhe  besatjr  of  dmplidtj  hx  exceeds  the  moek  beaaif  of 
gaadj,  ahowj  ornamenUtion.  The  beantj  of  aiiiipUcitj 
aever  faik  to  caQ  forth  admiration.  Beauty  is  not  capabto 
of  divisioik  into  its  constitnent  parts — its  Tery  essenoe  con- 
sists in  its  wholeness.  Our  limits  will  not  permit  us  to 
follow  our  author  in  his  attempt  to  divide  under  general 
heads  the  yarious  parts  of  beauty. 

8d.  jSrprenfiMi.  Education  is  not  required  to  feel  the  ex- 
presHifcness  of  art;  gire  us  the  mind  wholly  uneducated  in 
it;  give  us  the  rustic  or  the  child  unused  to  cities,  uncorrupt- 
ed  by  the  s^t  of  abused  architecture,  and  he  shall  imm^ 
diately  feel  in  the  true  art  all  its  intended  effects, — shall  be 
awed  by  the  siAlime  majesty  of  the  Doric,  or  raised  by  the 
heayenwaid  aspiration  of  the  Oothic  temple  ;  soothed  by 
the  mOd  repose  of  Palladio,  and  enlirened  by  the  playM 
fimcy  of  Scammozd;  sobered  by  the  severe  purity  of  the 
Greeks,  and  relaxed  by  the  picturesque  riot  of  Yanbrugh  ; 
attracted  by  the  inviting  urbanity  of  the  Yicentine  villa,  and 
repelled  by  the  gloomy  frown  of  the  Florentine  castle. 
Among  peces  of  true  architecture  he  shall  not  need  to  ask 
which  is  the  tenq>le,  and  which  is  the  forum.  He  shall 
know  at  a  glance  the  festive  theatre  and  the  stem  hall  of 
hoodwinked  justice,  the  modest  hospital  and  the  patridan 
palace.  He  shall  not  mistake  what  is  public  for  what  is 
private,  nor  fail  to  distinguish  whidi  buildings  are  dedicated 
to  business,  which  to  pleasure  or  to  repose.  All  this  is  ex- 
pressed by  art,  not  conventionaliBm,  and  is  intelligible  to  the 
perfectly  artleu,  as  well  or  better  than  to  him  of  cultivated 
taste — and  why?  Because  the  cultivation  required  does  not 
consist  in  kandfig,  but  in  wdea/ming  the  prejudices  of  a  life, 
— in  getting  rid  of  the  mass  of  fidsehood  imbibed  during 
yean  pawed  in  the  preeence  of  an  indiscriihinate  mixture 
and  misapplication  of  every  thing  that  is  expressive  in  archi- 
tectnre;  the  abuse  of  employing  it  all  alike,  for  the  sake  of 
antameni  instead  fdpropriehf,  ftmcy  instead  of  discretion.  In 
the  entture  required  to  fed  rightly  the  effects  of  tills  art^ 
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there  ib  notiiiBg  to  be  learnt,  but  eyery  tUog  to  be  vlesnit 
Tbe  iavege  and  the  h^^hlj  enltivatod  are  alike  in  tfaia 
re^^ect ;  or  rather,  the  acme  of  thk  coltiTation  is  to  af^iroadi 
as  near  as  possible  to  the  feelings  oi  the  totaUj  ignorant, — 
of  one  to  whom  all  arddtectore  is  new.  Bat  to  those 
brought  iqp  in  modwn  English  cities  tfaJs  is  peih^ps  imposiA* 
ble,  (I  do  not  mean  in  its  perfection,  but  in  socfa  degree  as 
to  be  nsefiol,)  so  con^etely  mnst  their  nataral  sense  of  right 
and  wrong  become  in  this  respect  deadened  and  sobrerte^ 
by  the  time  their  education  is  complete. 

If  there  be  no  differences  of  expression  in  architeetiire» 
then  is  it  no  fine  art,  bnt  a  trifle  boieath  the  notice  of  an 
educated  man,  and  which  must  soon  find  its  leyel,  by  sink- 
ing  into  the  hands  of  mere  construct<ffs  «nd  decorators. 

Definite  expression,  though  almost  forgotten  and  become 
A  dead  letter,  in  modem  English  architecture — ^though 
almost  above  the  reach  of  the  art  in  its  present  state — ^is  yet 
not  the  highest  aim  of  that  art,  in  its  com{^ete  form.  It  is 
acknowledged  that  this,  in  common  with  all  the  arts  of  ex- 
pression, presents  in  its  most  excellent  woriu  a  merit  or 
merits  not  to  be  described  or  conveyed  in  any  other  medium 
than  the  art  itself, — moreover,  a  degree  of  excellence  supe- 
rior to  mere  expression,  because  capable  not  only,  Ifte  that, 
of  reaching  and  affecting  the  mind,  but  also  of  elevating,  re- 
fimng,  or  improving  it. 

In  the  want  of  a  better  term,  this  portion  of  each  art  has 
been  called  its  poetry, — a  very  questionable  af^licataon  of 
the  name  of  one  art  to  express  a  particular  portion  <^  an* 
other.  However,  we  must  take  wovds  as  we  find  them,  and 
content  ourselves  with  distinguishing  the  tkimgs  to  which 
they  have  been  applied. 

Poetry,  in  its  ordinary  and  strict  acceptation,  cannot  taatt 
where  there  is  no  language — ^no  assertion  made — no  story 
told — no  idea  stated.  Now,  we  have  denied  to  architectuiu 
the  power  of  doing  this.  The  phonetic  arts,  viz.,  historioal 
painting  and  historical  sculpture,  may  do  it :  they  qieak  a 
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i  BAtonl  aad  ottTacBftl  hagoftg^— «sd  thintee 
may  be  poetical,  in  the  strictest  s^we  of  the  word.  Bat 
arddtectnre,  like  mode,  has  no  natural  language,  and  is 
only  d^^raded  when  it  attempts  to  qpeak  an  artificial  pne 
by  means  of  conveational  signs.  Nothing  can  be  pushed  oat 
of  its  proper  sphere  withont  being  degraded;  in  a  lowtf 
sphere  it  is  cramped,  and  its  higheBt  ^foalities  stified;  in  a 
higher,  it  is  equally  degraded,  beoanse  its  inability  to  do 
what  is  reqmred  of  it,  is  exposed.  Architectore  is  not  ex- 
alted by  attempts  to  render  it  phonetic, — to  make  it  serve 
the  purpose  of  a  langaage. 

Where  there  is  no  langaage,  there  can  be  no  poetry,  in  its 
strict  sense;  yet  we  hear  oi  the  poetry  of  mosic  and  oiwA- 
itectore;  hence  this  term  most  here  be  taken  in  a  nunre  ex- 
tended sense.  It  may  be  onderstood  in  three  ways:  Jlni,  as 
allying  to  the  ontaoght  porticm,  or  that  portion  which 
transcends  the  mles  and  theory  of  the  art  in  their  present 
state;  Hctmdly,  as  indading  those  beaaties  or  p^ections  in 
each  art,  which  are  not,  or  have  not  been,  conreyed  in  ai^ 
other, — conseqnently,  not  in  words;  or  tkirdlp,  as  applying 
to  those  qualities  by  which  its  highest  productions  are  cal- 
culated to  produce,  not  only  a  transient  emotion,  but  a  per- 
manent effect  on  the  beholder.  In  either  case,  the  precise 
luttit  of  the  application  of  the  word  must  be  vagae:  the 
lowest  production  in  which  any  poetry  may  be  considered  to 
exist,  cannot  be  exactly  pointed  out;  but  of  its  existence  in 
the  highest  efforts  of  the  srt,  there  is  no  diiEareace  of  opinion. 

Whoever  wanders  among  the  hundred  columns  of  the 
great  hall  <^  the  tem]de  of  Eamac;  whoever,  by  the  assist* 
anee  of  designs  or  models,  and  of  the  fragments  in  the  Brit- 
ish Museum,  restores  and  rebuilds  in  his  mind's  eye,  the 
small  but  glorious  temple  of  the  Athenian  goddess;  whoeyer 
climbs  the  ruined  stairs  of  the  Colosseum,  to  the  edge  of  [ts 
artificial  crater;  whoever  enters  the  cathedral  of  Amiens,  or 
walks  round  the  exterior  of  that  of  Salisbury;  whoever 
views  any  one  of  these  works  ot  architecture,  and  finds  no 
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poetrj  in  it,  must  be  incapftble  of  dSseoTeriiigit  in  aaffhing 
else — ^in  nature  or  in  art. 

There  is,  then,  or  rather  there  kea  hetn^  snch  a  thing  aa  a 
poetry  of  architecture;  and  we  may  therefore,  inclndtng  thin, 
consider  the  whole  lum  of  "  arohitectnre  proper/'  iqwurt  from 
boilding,  under  four  heads, — politeness,  beaaty,  expression, 
and  poetry.  It  has  been  the  object  of  the  present  chapter 
to  point  ont  to  tlie  reader  this  fourfold  nse  of  architecture  : 
firsty  as  a  courtesy  dne,  from  every  one  who  builds,  to  hu- 
manity, on  whose  ground  and  in  whose  sight  he  builds; 
secondly f  as  a  further  refinement  of  this  courtesy  into  positiye 
beauty,  by  attention  to  whatever  may  please  the  mind;  and 
preference  of  what  may  please  its  higher  faculties,  before 
that  which  may  please  the  lower,  when  they  are  incompati- 
ble ;  (the  justice  of  this  preference  constituting  the  difference 
between  right  and  wrong  in  art,  commonly  called  good  and 
bad  taste;)  thirdly,  as  a  mode  of  conveying  to  the  mind  defi- 
nite emotions,  suited  to,  and  even  indicative  of,  the  character 
and  general  destination  of  the  woric;  lastly,  as  a  means  not 
only  of  affecting,  but  <tf  exalting  or  improvmg.  The  arcld- 
tecture  which  attains  only  the  first  of  these  objects  is  no 
more  than  a  polite  art;  when  it  reaches  the  seoond,  it  be- 
comes an  ornafnenial  art;  by  attaining  the  third,  (and  not 
otherwise,)  it  gains  a  tltie  to  be  considered  a  fine,  that  is, 
an  expressive  art:  in  those  very  few  of  its  productions  in 
which  the  last  purpose  has  been  accomplished,  does  it  de- 
serve to  be  called  a  Mgh,  a  poetic  art.  As  the  first,  its  aim 
is  to  eoneiliate;  as  the  second,  to  jdease;  as  the  third,  to 
Um^;  and  as  the  last,  to  teach. 
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CHAPTEB  IL 

Oeeular  and  Formal  Beauty— First  Generalization  thereon -^Unitif 
and  Variety — Oraduation  and  Contrast, 

It  U  the  natural  progress  of  ixutraetion  to  teaoh  flrst  what  ia  ohrtoaa  aad  piv- 
eejitlble  to  the  senses,  and  from  hence  proceed  gradnallj  to  notions  large,  Uheral, 
•ad  oomplsto^  raeh  as  eoonprlae  the  more  refined  and  higher  exeeUenees  In  art 

Bat  Joaajx  RR«au& 

Great  difference  exists  among  writers  with  respect  to 
oeeular  and  mental  pleasure — some  contending  that  snch  a 
distinction  in  fact  exists,  while  others  deny  it,  and  assert 
that  the  eye  experiences  no  more  pleasure  in  contemplating 
one  thing  than  another — that  is,  considered  apart  from  men- 
tal inferences  and  associations. 

It  wonld  seem,  howeyer,  that  the  eye  has  its  choice  of 
color,  for  children  and  savages,  in  the  choice  of  colors,  con- 
Bolting  nothing  beyond  the  immediate  gratification  of  the 
eye,  inrariably  prefer  a  certain  class  of  colors — those  termed 
erode  or  positiye — ^to  another  class,  those  which  we  term 
doll  colors  or  tones.  This  is  a  mere  sensuous  preference, 
^e  that  of  sound  or  flavor. 

The  discovery  of  a  physical  reason  for  the  preferences  of 
the  eye  must  be  considered  one  of  the  greatest  triumphs  of 
inductive  science.  It  is  perfectly  known  that  the  difference 
isth^sa/me  in  the  senses  of  sight  and -hearing.  The  most 
pleasurable  sensations  are  produced  by  the  inconceivably 
rapid  repetition  of  vibrations  or  pulsations  very  regularly 
or  even  timed.  The  dead  or  duller  colors  are  caused  by  the 
irregula/r  vibrations. 

The  harmony  of  colors,  that  is,  the  preference  given  to  a 
juxtapositiDu  of  colors,  rather  than  to  that  of  any  other  two, 
though  equally  bright  or  pleasing  when  seen  separately, 
must  be  wholly  an  oeeular  beauty;  for  the  mind  cannot  (by 
the  direct  evidence  of  unaided  sense)  discover  any  relation 

11 
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between  red  and  green,  for  InBtance,  which  does  not  exist 
between  blae  and  green.  We  can  only  say  that  the  former 
harmonize,  and  the  latter  do  not.  As  the  mind  knows 
nothing,  in  general,  abont  this  harmony,  the  mind  can  hare 
nothing  to  do  with  the  appreciation  of  it.  The  cause  of  this 
harmony  is :  two  sets  of  vibrations  which  are  each  regolar 
in  itself,  and  which  bear  a  simple  ratio  to  each  other,  by 
uniting  together,  form  a  vibration  which  is  therefore  regu- 
lar and  musical;  but  two  vibrations  which,  however  regular 
each  may  be  alone,  bear  no  commensurable  ratio  to  each 
other,  will,  by  their  union,  produce  a  totally  irregular  vibrar 
tion:  that  is,  a  naUe.  There  are  many  nice  discoveries — 
perhaps  nothing  more  than  theories — concerning  the  cause 
of  harmony  of  colors.  On  the  whole,  it  would  appear  that 
the  laws  of  coloring,  as  a  gratification  of  the  eye  only,  are 
simply  these: 

1.  That  the  more  regular  the  vibrations  of  any  given  color 
may  be,  the  more  pleasing  will  it  be  in  itself,  apart  from  fit- 
ness or  association  with  others. 

2.  That,  as  these  isochronous  colors — (colors  caused  by 
regular  vibration) — have  a  more  exciting  effect  on  the  reti- 
na than  those  which  are  of  the  same  brightness  but  not  iso- 
chronous, the  repose  afforded  by  a  change  from  the  former 
to  the  latter  is  also  grateful;  so  that  we  should  follow  the 
example  of  nature's  works,  throughout  which  the  sober, 
mixed  or  subdued  tones  are  the  rule,  and  the  pure  or  isochro- 
nous colors  the  exception;  for  it  is  a  less  evil  to  be  able 
to  find  excitement,  than  to  be  able  to  find  repose. . 

3.  That  variety  of  coloring  is  abstractly  (without  refer- 
ence to  fitness,  &c.,)  more  pleasing  than  monotony,  especi- 
ally when  the  colors  that  adjoin  each  other  have  their  vibror 
tions  in  a  harmonic  ratio;  that  is,  when  they  form  contrasts, 
and  still  more  when  they  are  varied  in  intensity  or  briUliaa- 
cy,  or  both,  as  well  as  contrasted  in  quality. 

4.  That,  as  variety  is  an  exciting  quality,  owing  to  the 
rapid  changes  which  each  point  of  the  retina  undergoes. 
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the  change  firom  yarietj  to  sameness  of  color  is  required 
for  repose;  so  that  here,  again,  we  should  imitate  nature,  in 
which  f awKfieM  of  coloring  is  the  mle,  and  vartdy  the  excep- 
tion; the  former  being  found  in  all  large  and  grand  objects, 
and  the  latter  onl^  in  small  and  scattered  organisms. 

Many  writers  have  attempted  to  apply  "  the  harmonious" 
theorj  of  proportion  to  the  dimensions  of  buildings,  without 
any  satisfactory  result. 

JEquaUimed  or  equal^spaad  re^ition  is  confessedly  beau- 
teous. It  is  adopted  in  all  the  higher  arts,  and  leads  to  the 
rhythm  of  poetry,  or  the  equal  spacing  of  the  windows  of  a 
pidace. 

I  believe  the  chief  charm  of  this  quality  of  architecture  is 
to  be  traced  to  its  expression  of  courtesy  and  consideration 
f6r  the  spectator.  There  is  another  kind  of  beauty  in  visi- 
ble objects,  which  is  commonly,  but  perhaps  falsely,  supposed 
to  speak  to  the  eye;  this  is  that  kind  of  symmetry  or  unifor- 
mity which  consists  in  an  exact  correspondence  of  form  be- 
tween the  two  halves  of  an  object.  To  distinguish  it  from 
other  kinds  of  uniformity  we  will  call  it  the  wniformJty  of 
halves.  We  need  hardly  observe  that  it  is  the  most  univer- 
sal in  its  nature,  pervading  all  ranks  of  organic  life,  from 
the  leaf  and  the  flower  up  to  man;  and  all  separate  and  dis- 
tinct creatures,  even  when  inorganic,  from  a  crystal  to  a 
world.  It  is  to  the  minor  ornaments  of  architecture  that 
we  must  look  for  its  illustration,  and  not  to  general  forms, 
principal  members,  or  any  constructive  features,  because  fit- 
ness of  destination,  definite  expression,  and  other  higher  ex- 
oellenoes,  will  always,  in  them,  interfere  with  and  should 
prevaO  over  mere  formal  beauty. 

In  analyzing  such  examples  of  ornamental  forms  we 
shall  find  the  chief  properties  common  to  them  in  all  styles, 
to  be  those  which  are  here  mentioned,  viz  : — 

1.  EqwU-tpaced  repetition,  exemplified  in  all  description  of 
diaper  patterns. 

8.  Umformty  of  halves;  which  somethnes  has  place  not 
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only  in  one  direction,  or  on  each  side  of  one  axis  or  pkaeof 
division,  bnt  is  related  to  ttoo  sach  planes  at  right  angles  to 
each  other,  or  to  three  intersecting  each  other  in  a  single 
axle,  and  dividing  the  object  into  six  eqnal  sectors,  or  to 
fau/r,  five,  or  any  number  of  such  planes,  subject  to  the  same 
condition;  all  which  practices  are  evidently  founded  on  na- 
ture, in  which  a  single  plane  of  uniform  division  is  chanto 
terlstic  of  all  the  higher  classes  of  animals,  and  of  numerous 
classes  of  flowers  and  fruits  (the  legnminose,  papilionace®, 
&c.,):  two  such  planes,  or  a  double  uniformity,  though  a 
rather  uncommon  arrangement,  is  not  without  example  m 
many  vegetable  objects;  a  division  by  three  planes,  or  into 
six  sectors,  pervades  the  flowers  of  monocotyledonous  plants; 
a  fourfold  uniformity,  or  eightfold  division,  runs  through 
those  of  the  cruciferse,  &c.;  and  a  fiwfold  belongs  to  ttie 
great  majority  of  dicotyledonous  flowers,  and  to  the  lowest 
or  radiate  class  of  animals. 

3.  Freferejue  of  curves  to  straight  lines, — ^Bvery  eye  pre- 
fers the  patterns  composed  of  curves  to  those  composed  of 
straight  lines,  abstractedly,  without  reference  to  their  situa- 
tion, &c.  ;  and  though  every  complete  style  of  afdiiteetore 
presents  ornament  or  tracery  of  both  descriptions,  it  is  easily 
seen  that  the  rectilinear  is  introduced  always  from  other 
considerations,  abstract  beauty,  considerations  of  fitness, 
construction,  consistency  of  character,  &c., — or  else  to  give 
value  to  the  more  pleasing  forms. 

To  these  principles  we  may  add, 

4.  Preference  of  curves  of  amtrary  JUxure  to  tiiose  which 
have  no  such  contrariety;  the  flowing  tracery  of  the  four- 
teenth century,  for  instance,  to  the  (so  called)  geometrical 
tracery  of  the  thirteenth,  which  is  equally  composed  of 
curves,  but  without  points  of  contrary  flexure.  Every  one 
has  heard  of  Hogarth's  '  line  of  beauty,* — the  letter  S. 

5.  PrefercTue  of  curves  of.  varying  curvature  to  dicular 
ones.  The  main  difference  between  Greek  mouldings  and 
Roman  ones,  between  Greek  vases  and  Chinese,  is  that  the 
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an  ooii9O0ed  witk  oatMnes  of  o^mtimiallj  jurying 
enrTsture,  and  the  letter  with  dccalar  area. 

6.  Umij/  or  amAdmai^  of  ekoflpoder, — ^MiztUinear  form  or 
emament  is,  in  general,  leas  beantifol  than  either  that  which 
18  Gonq;NM9ed  entirely  of  straight  lines  or  entirely  of  cnrTes. 
This  will  be  espeeially  the  case  when  several  straight  lines 
mi  together  in  one  place,  and  seyeral  curves  in  another,  be- 
caose  then  the  miztore  of  incongmons  principles  is  most 
ohrions.  The  defect  is  best  counteracted  when  the  straight 
and  carved  Bnes  are  equally  distributed  throughout,  and 
espedally  when  a  general  principle  is  seen  to  govern  their 
OM,  that  is,  when  all  the  straight  parts  have  something  in 
eommon  hindet  itraigkinus,  and  all  the  carved  parts  s<Hne 
conmon  quality  besides  their  curvature.  The  same  remarks 
apply  to  the  mixture  of  circular  with  variable  curves,  and,  in 
general,  to  every  attempt  at  mixing  different  tiyks  of  form. 
It  can  succeed  only  when  some  new  law,  that  did  not  apply 
to  either  of  the  styles  separately,  is  introduced  and  made  to 
govern  their  respective  use,  and  thus  restore  that  conBisten<7 
which  has  been  violated  by  the  mixture;  and  this  law  must 
be  so  extensively  applied  and  strictly  observed,  as  to  be 
quite  obvious  to  the  spectator  at  a  glance.  Thus  those 
ingenious  decorators,  the  Arabs,  wishing  to  combine  the 
beauties  and  richness  of  two  kinds  of  ornament,  often  did  so 
without  ineonaisteacy  by  placing  them  on  the  same  surface, 
but  giving  them  different  degrees  of  relief,  or  different  odors, 
so  that  one  appears  superposed  in  front  of  the  other,  without 
interfering  wi&  it.  The  eye  can  follow  each  separately,  as 
the  ear  follows  the  base  or  treble  of  a  complex  piece  of 
mnsic. 

It  ia  hardly  posoble  to  state  coUectivdy  these  proximate 
principles  of  beauty  in  form,  without  being  led  a  step  higher, 
to  a  generalization,  which  reduces  them  all  to  a  broader 
prind^e,  though  stiU  only  a  proximate  one.  This  has  com- 
monly been  stated  as  the  cambiwUion  of  UKmr  tnih  varistt. 
It  is  best  explained,  perhaps,  in  the  words  of  Dr.  Huteheson, 
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who  states  as  an  axiom,  (with  regard  to  mere  formal  bean* 
tjy)  that  where  the  uniformity  is  eqnal,  the  beantj  of  forms 
is  in  proportion  to  their  varietj;  and  when  tiieir  variety  is 
equal,  their  beaaty  is  in  proportion  to  their  nniformity. 

Unity  or  nniformity  is  here  taken  in  its  widest  sense,  as 
meaning  oneness  of  am/if  things  of  size,  of  form,  of  nnmber,  of 
ratio,  of  snooession,  of  any  quality,  or  any  principle  what- 
ever; it  is,  in  £bm^,  synonymous  with  method,  order,  law,  or 
consistency.  It  is  so  far  oi^K>8ed  to  variety,  that  they  can- 
not exist  together  in  regard  to  any  one  quality.  Yet  the 
beauty,  of  which  we  are  now  speaking,  consists  not  as  some 
most  erroneously  suppose,  in  keeping  a  ''  happy  medium"  be- 
tweeli  these  two  opposite  principles.  Such  a  rule,  being 
merely  negative,  can  lead  to  no  positive  beauty.  This  coor 
sists  not  in  the  avoidance  of  both  the  opposite  qualities,  bat 
in  just  the  reverse  of  this,  in  combining  both  in  their  greats 
est  possible  perfection, — in  reconciling  the  extremes  of  both. 
Of  course,  this  can  only  be  done  by  the  maintenance  in  all 
the  parts  of  the  composition,  of  perfect  unity  in  regard  to 
some  one  quality  or  circumstance,  with  the  utmost  variety 
in  some  other  quality  or  circumstance.  This  is  necessary  to 
the  display  of  any  beauty,  however  slight;  but  its  d^ee 
will  be  increased  in  proportion  to  the  number  of  points  of 
correspondence  or  unity,  and  of  points  of  variety.  Hence 
the  designer  examines  and  analyses  the  various  qualities  or 
circumstances  of  the  parts  of  his  design,  in  order  to  find  as 
many  points  as  possible  in  which  they  may  be  made  to 
resemble  each  other,  or  to  differ.  Moreover,  the  number  of 
points  of  resemblance,  and  of  points  of  difference,  must  bo 
about  equal.  If  the  former  preponderate  in  number,  we  say 
the  design  is  fMnoUmoya^  or  wanting  in  variety.  If,  on  the 
other  hand,  the  points  of  variety  are  greatly  more  numerous 
than  those  of  unity,  we  call  it  confusedy  or  wanting  in  char- 
acter (t.  «.,  self-consistency.)  These  faults  do  not  imply  an 
absolute  excess  of  unity  in  one  case,  or  variety  in  the  other, 
but  only  an  excess  relatively  to  the  other  quality— in  fact,  a 
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d^fideney  of  that  other  quality.  And  it  wonld  be  well  if 
these  faults  were  always  so  understood,  and  remedied  not  by 
rtmoving  a  point  of  resemblance  in  the  one  case,  or  of  differ- 
ence in  the  other,  bat  by  adding  the  contrary, — by  hunting 
out  some  new  point  of  difference  or  resemblance,  instead  of 
abandoning  an  old  one. 

Neither  unity  nor  yariety  can  eyer  be  carried  too  far,  if, 
for  every  instance  of  the  one,  an  instance  of  the  other  be 
also  found.  It  is  an  error  to  say  that,  in  any  composition, 
one  of  these  qualities  is  in  excess:  it  can  never  be  in  abso- 
lute excess:  it  is  the  other  quality  which  is  in  relatiye  defi- 
ciency. 

Let  us  now  fflustrate  this  principle  by  its  application  to 
the  simplest  cases  of  abstract  beauty  in  nature  and  in  art, 
leaving  the  reader  to  apply  it  to  more  complex  examples. 

It  is  extremely  doubtfdl  whether  absolute  unity,  without 
any  point  of  variety,  can  constitute  beauty  in  any  object. 
We  have  an  instance  of  such  a  kind  in  a  straight  line  of 
equal  thickness  and  intensity  throughout  its  length.  There 
seem  to  be  cases  where  this  is  admired,  as  in  the  sea-horizon, 
in  a  stratiform  cloud,  &c.;  but  we  shall  presently  show  that 
they  would  not  be  considered  beautiful  by  themselves,  and 
only  become  so  by  a  relation  with  their  accompaniments. 

The  case  is  very  different  when  the  line  regularly  dimin- 
ishes in  strength  from  one  end  to  the  other,  as  in  the  per- 
spective image  of  a  railway  bar,  a  distant  glimpse  of  a  lake, 
or  the  sea-horizon  in  many  cases.  Here  the  unity  of  direc- 
tion, in  an  parts  of  the  line,  is  accompanied  by  a  variation 
in  streng^,  and,  again,  by  an  unity  in  the  law  of  this  varia- 
tion. 

Even  without  this  latter  kind  of  unity,  a  straight  line, 
varying  in  thickness  imgularlyf  as  the  angle  of  an  old  but 
firm  building,  is  allowed  to  possess  a  beauty  which  it  had  not 
when  new.  How  different  is  the  edge  of  a  warped  brick, 
or  an  ill-founded  building,  which  wants  the  unity  of  straight- 
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An  irregularly  cnryed  line  is  destitute  of  beauty  because 
tbe  yarietj  (of  direction)  is  obtained  only  at  the  expense  of 
unity:  not  so  with  a  circular  arc;  though  the  unity  of  dvrw 
Hon  is  abandoned,  there  is  a  substitute  for  it  in  the  unity  of 
curvature.  It  is  the  simplest  of  lines  that  can  be  beautiful 
in  itself  without  the  aid  of  varying  thickness;  for,  while  its 
parts  all  vary  in  one  respect — direction,  they  all  agree  in 
the  rate  of  this  variation,  t.  e.,  in  curvature.  The  beauty  is 
doubled,  however,  by  a  regular  variation  in  thickness;  for 
there  are  now  two  points  of  variety,  viz.,  in  direction  and  in 
thickness,  and  also  two  points  of  unity,  a  constant  rate  of 
curvature,  and  a  constant  law  of  diminution. 

But  the  circular  curve  is  the  least  beautiful  of  all  regular 
curves;  for,  in  all  others,  an  additional  kind  of  variety  is  in- 
troduced, in  the  variation  of  curvature;  and  an  additional 
kind  of  unity,  in  the  constancy  of  the  law  of  this  variation. 
Without  the  latter  circumstance,  no  increase  of  beauty,  but 
the  very  reverse,  would  accrue  from  the  mere  variety;  for  it 
would  be  obtained  at  the  expense  of  the  unity  of  curvature. 
Thus  the  varied  curvature  in  the  haunches  of  the  Tudor  arch 
is  generally  considered  a  defect.  When  similar  lawless  va- 
riations occur  more  than  once,  they  produce  what  is  called  a 
crippled  curve,  the  ugliest  of  all  lines. 

The  circle,  then,  is  excelled  in  beauty  by  all  other  simple 
curves;  but,  fortunately,  perspective  remedies  its  defect,  by 
rendering  its  ocular  image  almost  always  elliptical  or  hyper- 
bolic *  It  is  a  very  rare  case  for  the  eye  to  be  exactly  in 
the  axis  where  the  circle  can  be  seen  as  a  curcle,  and  in  such 
a  case  we  never  hear  its  beauty  admired. 

All  other  curves  besides  the  circle  resemble  each  other  as 
regards  the  exhibition  of  unity  and  variety;  and,  accord- 
ingly, we  never  hear  of  any  preference  given  to  one  more 

•  Ctreles  gire  a  parabolic  or  hjperboUe  penpectiTe  image  when  we  riew  the 
interior  of  a  domed  bolldiog  from  a  point  perpendioolarlj  under  the  cireamftrenoe 
of  one  of  iU  horizontal  circles.  The  TiaiUe  porUon  of  m§  circle  wiU  then  be  pre. 
jeoted  as  a  paraboU,  and  aU  larger  horisontal  circles  as  hyperbolas  ;  on!/  those 
whieh  are  smoZtcr  than  this,  being  seen  in  the  osaal  manner  as  elUpsee. 
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than  aaoiher,  on  aeconnt  of  abstract  beanty.  Haj  has 
shown  that  the  most  perfect  forms  of  Greek  pottery  and  or- 
nament may  be  imitated  by  combinations  ot  elliptic  arcs. 
So  they  might,  doubtless,  by  arcs  of  any  corre  of  yarying 
cnrratnre.  The  parabola  is  admired  in  cascades  and  foun- 
tains; the  catenary,  in  drapery  and  festoons;  the  trochoid  and 
^gitrockcid,  in  penmanship ;  the  logarithmic  spiral,  in  shells  and 
Yolntes;  and  Tarions  kinds  of  dastic  curves,  in  yegetation. 

It  may  be  doubted  whether  the  repetition  of  similar  ob* 
jects  at  equal  distances  has  any  beauty  except  when  seen 
perspectiyely.  It  is  hardly  eyer  possible  (indeed  iiiq)Ossible, 
if  they  be  in  a  straight  line)  so  to  yiew  them  as  to  have 
their  images  formed  on  the  retina,  similar  and  eqni-distant. 
Against  unity  of  form  and  of  direction,  then,  we  haye  to  set 
off  yaiiety  of  apparent  size  and  apparent  distance  apart;  this 
yariety  being  still,  in  each  case,  subject  to  an  uniform  law 
of  increase  or  decrease.  There  are  thus  more  points  of 
unity  than  of  variety;  and,  accordingly,  a  series  of  this  kind 
requires  but  little  extension  to  render  it  monotonous. 

If  the  series  be  arranged  in  a  regular  cnrye,  this  deficiency 
iji  yariety  is  suppli^  without  diminishing  the  points  of  unity, 
the  unity  of  direction  beii^  replaced  by  that  of  curvature, 
&c.,  and  thus  the  beauty  is  greatly  augmented. 

We  may  illustrate  these  principles  by  a  figure  (a)  com- 
posed of  concentric  circles  placed  at  random,  and  yarying 
irregularly  in  every  thing  except  their  unity  of  form  Mid 
concentricity.  This  can  hardly  be  said  to  possess  any  posi* 
tive  beauty,  though  it  would  be  beautiful  by  comparison 
with  a  figure  in  which  they  were  either  crippled  or  not  con- 
ns 1. 
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e^tric.    We  gain  nothing  by  equalizing  their  thicknesses 
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and  the  spaces  between  them  (a£i  at  b^  becaose  this  is  sim- 
ply sttbstitnting  (in  both  alteration^  nnity  for  variety, 
which,  in  both  cases,  we  abandon.  Bat  in  c,  the  two  prin- 
dples  are  reconciled,  the  varietj  in  the  intervals  being  ac- 
companied by  the  nnitj  of  a  law  regulating  them  all:  thus  a 
certain  degree  of  beauty  is  prodnced,  which  is  augmented  by 
the  introduction  of  another  source  of  variety  in  the  unequal 
thicknesses,  and  of  unity  in  the  regulation  of  these  also,  by 
an  uniform  law.  The  example  n  is  added  to  show  that  it 
matters  not  how  the  variations  occur,  provided  there  be  as 
many  p<Hnts  of  resemblance  as  of  difference. 

A  series  of  quantities  or  dimensions,  forming  a  progres- 
sion of  any  sort,  is  thus  always  beautiful,  however  complex 
may  be  the  law  of  the  series.  But  the  arithmetical  progres- 
sion is  less  beautiful  than  any  other,  for  the  same  reason 
that  the  circular  curve  is  less  beautiful  than  any  other.  In 
this,  the  direction  is  indeed  contmually  varying,  but  always 
at  the  same  rate;  and  in  thaty  the  successive  terms  of  the 
series  increase  or  diminish  always  by  the  samemcrement  or 
decrement.  Both  are  improved,  therefore,  by  exchanging 
this  sameness  (of  the  curvature  in  one  case,  and  the  incre- 
ment in  the  other)  fot  variety,  provided  this  be  regulated  by 
one  uniform  law. 

Hence  the  arithmeti-  .  *•«•  ^ 

cal  sjnral  is  the  least 
beautiful  curve  of  its 
kind,  as  any  one  will 

probably    admit    who    \^^^  ^"^^5^8 

compares  these  two  examples,  a  being  the  ordinary  form 
of  the  Greek  Ionic  volute,  viz.,  a  geometrical  or  loga- 
rithmic  spiral,  and  b  an  imitation  thereof,  as  it  appears 
in  the  temple  of  a  "mixed  order,"  at  the  Greek  colony 
of  Selinus,  in  Sicily.  This  is  the  only  instance  I  know 
of  an  arithmetical  volute^  a  form  well  worthy  of  the  bun- 
gler who  could  design  such  a  piece  of  inconsistency  as 
Ionic  columns  supporting  a   Doric  entablature.     Nature 
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mffordB  mstanceg  of  the  geometrical  spind  in  erery  nut* 
Tftlve  shell, — of  the  ftrithmetical  spiral  in  none. 

A  kind  of  iron  fence  has  lately  been  introduced,  in  which 
the  horizontal  bars  are  placed  at  progressiyelj  increasing 
distances  from  the  gpronnd  upwards.  It  shows  how  much 
beauty  may  be  added  to  an  object  without  adding  anything 
else,  except  (in  this  case)  stability  and  mechanical  fitness. 

Serial  progressions,  however,  hare  little  place  in  archi- 
tecture, at  least  in  the  dimensions  of  principal  parts,  because 
equality  always  answers  the  same  purpose,  the  equal  divi- 
sions  being  reduced  by  perspectire  to  a  progressional  series. 
We  have  an  instance  of  an  actual  series  of  this  kind,  how- 
CTer,  in  the  stories  of  St.  Bride's  steef^e,  which  form  four 
terms  of  a  geometrical  progression  ;  and  any  one  may  easily 
convince  himself  that  the  smallest  perceptible  alteration  in 
the  height  of  any  one  of  them  would  destroy  the  beauty  of 
the  whole  ; — a  very  dilTerent  effect  from  any  4hat  is  observed 
in  deviations  from  the  ''harmonic  proportions,''  on  which 
some  insist  and  place  such  reliance. 

All  the  modes  of  combining  unity  with  variety  hitherto 
noticed,  may  be  included  under  the  term  Gradation.  There 
is,  however,  another  mode  of  effecting  this  object,  on  a 
totally  different  principle.  Where  there  are  only  two  ob- 
jects or  parts  of  one  object  considered,  they  may  be  made  to 
correspond  in  certun  respects,  and  vary  greatly,  or  even  as 
much  as  possible,  in  other  respects  ;  and  this  mode  of  recon- 
ciling unity  with  variety  is  termed  CoNTRAar.  It  is  evidently 
opposed  to  gradation,  since  the  two  extremes  are  here 
brought  together  without  any  intermediate  softening  or  pre- 
paration. Consequently  there  can  be  no  compromise  between 
the  two  modes  of  treatment.  Whichever  the  designer 
adopts  in  any  particular  case,  that  principle  and  that  alone 
miist  be  carried  out.  In  a  curved  line  there  is  gradation 
(of  direction), — in  the  meeting  of  two  lines  at  an  angle, 
there  is  contrast.  So  also  in  a  curved  surface  there  will  be 
gradation  of  light  and  shade, — in  the  meeting  of  two  planes. 
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eootra^t  of  the  same  qualities.  In  either  caae,  the  roundlfig 
off  the  angle  would  be  an  attempt  to  compromiBe  between 
these  opposite  principles  of  beauty,  and  would  lead  to  a 
sacrifice  of  both,  without  an  equivalent ;  so  that  w,e  need 
not  wonder  at  this  practice  never  having  found  favor  in  any 
style  or  in  any  age,  however  depraved  in  taste.  To  this, 
also,  we  may  attribute  the  absence  of  the  hfperhola  from  the 
extensive  list  of  ornamental  curves.  It  seems  the  only  sim- 
ple or  well-known  curve  that  is  banished  from  decorative 
design,  probably  from  its  too  near  approach  to  the  character 
of  an  angle  rounded  off,  affording  neither  the  beauty  of  con- 
trast nor  of  gradation. 

Contrast,  then,  consists  in  a  perfect  similitude  between  two 
adjacent  objects  in  certain  respects,  accompanied  by  a  wide 
difference  in  some  other  respect,  or  sometimes  in  two  or 
three  other  respects,  (in  which  cases  we  may  term  it  double 
or  treble  contrast,)  but  the  simple  is  more  common.  Resem- 
blances are  quite  as  necessary  as  differences,  and  indeed  must 
be  more  numerous.  There  can  be  no  such  thing  as  contrast 
between  two  things  that  are  altogether  different.  In  most 
contrasts,  they  differ  only  in  one  point,  and  are  alike  in 
every  other. 

The  uniformity  of  halves  derives  its  beauty  from  a  single 
contrast  of  the  most  perfect  kind.  In  the  case  of  a  plane 
figure,  the  two  parts  are  alike  in  every  respect  except  posi- 
tion. They  are  repetitions  of  the  same  identical  form,  but 
so  placed  that  we  see  the  front  of  the  one  and  the  back  of 
the  other.  In  a  solid  body  they  are  contrasted  also  in  their 
mode  of  receiving  the  light,  yet  perfectly  similar  in  form. 

How  much  the  beauty  of  such  forms  depends  on  the  first 
mentioned  contrast  will  appear  by  regarding  those  few  cases 
of  uniformity  of  halves,  in  which  this  contrast  (of  front  and 
back)  is  omitted,  as  in  the  letters  s  and  z,  in  which,  however, 
the  halves  have  still  a  contrast  of  position.  But  I  know  of 
no  natural  form  composed  on  this  principle. 

In  cases  of  uniformity  related  to  several  planes  of  division, 
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ie.  in  starlike  fonns,  the  nmnber  of  repetitioBS,  or  sectors,  of 
amilar  form,  is  always  evm,  and  they  are  alternately  xe- 
Tersed,  front  for  back,  in  eveiy  natural  example.  Art,  how- 
eyer,  in  times  of  deprared  taste,  introduced  as  a  noyelty, 
forms  €i  this  kind  in  wMch  contrast  is  neglected,  all  the  see* 
tors  presenting  the  same  side  to  the  spectator.  This  gives 
always  the  idea  of  rotation,  whence  ^e  ezpresslcm^  a  twn^ 
img  star  or  flower.  This  kind  of  form,  of  coorse,  is  proper 
for  a  wheel,  bat  highly  improper  for  any  part  of  a  fixed 
stmetnre.  Its  non-occnrrence  in  nature  is  sufficient  to 
prove  its  inferiority  also  as  regards  abstract  beauty. 

WhencTer  Nature  has  repeated  sectors  of  similar  form,  in 
tUs  manner,  without  alternate  opposition,  she  has  suj^lied 
its  place  by  introducing  another  element  of  rariation,  tIz., 
in  size.  In  this  way,  the  whole  class  of  univalTe  shells  are 
composed,  by  a  number  of  sectors  round  an  axis,  all  alike  in 
fonn,  but  whose  sizes  form  a  geometrical  progression. 

The  beauty  of  curves  of  contrary  flexure  (Hogarth's  prin- 
ciple) generally  arises  also  from  contrast.  Hence  it  is  a  mis- 
uike  to  suppose  that  the  passage  from  convexity  to  conca- 
vity should  be  gradual ;  that  is  to  say,  to  say,  that  the  curva- 
ture should  continually  diminish  up  to  that  point  of  flexure, 
become  evanescent  at  that  point,  and  then  increase,  as  in  the 
long  italic/.  This  is  what  necessarily  occurs  in  all  curves, 
that  have  naturally  a  contrary  flexure:  but  though  these 
are  appropriate  to  many  purposes,  and  have  a  beauty  of  their 
own,  tills  is  quite  distinct  from  that  of  the  flexures  which  arise 
fr<mi  the  combination  of  tfjoo  curves,  and  is  much  less  frequently 
applicable.  The  former  beauty  is  one  of  gradation;  the  lat- 
ter, one  of  ccmtrast :  for  as  the  change  from  one  law  of 
curvature  to  the  other  must  take  place  at  some  definite 
point,  it  must  be  sudden^  and  partake  of  the  nature  of 
contrast. 

In  examining  instances  of  tins  kind  of  flexure,  it  will  be 
observed  that  the  mere  identity  of  direction  in  the  two  curves, 
at  the  point  of  contact,  is  not  always  sufficient  to  prevent 

12 
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their  appearing  disjointed, — that  is,  defident  in  voity. 
Hence  some  additional  kind  of  unity  ehoold  be  sought  to 
connect  them,  and  this  we  may  find  in  equality  of  atrvahurt; 
besides  which,  the  most  perfect  contrast  requires  similitade  in 
all  points  except  those  which  are  contrasted:  whence  the  con- 
trast of  two  opposite  and  positive*  qnalities  (as  conyezity 
and  concavity)  will  be  most  perfect  when  they  are  both 
equally  removed  from  the  mean  (which  in  this  ease  is 
straightness) ;  whence  we  may  infer  that  Ine  deflexions  of 
the  two  curves  from  their  common  tangent  should  be  ini* 
tially  equal, — ^that  is,  their  mroaturei  equal  at  the  point  of 
junction.  Accordingly,  in  examining  fonns  of  this  kind,  it 
wUl  be  found  that  when  faulty,  their  fault  arises  from  the 
radii  of  the  two  curves,  at  their  jnncticm  being  too  unequal; 
and  in  the  Grecian  forms  composed  of  elliptic  arcs,  by  Mr. 
Hay,  it  will  be  found  that  the  most  graceful  bends  are  those 
in  which  the  two  ellipses  touch  at  two  points  having  the 
greatest  equality  of  curvature. 

As  the  change  from  one  law  of  curvature  to  another  must 
always  have  the  nature  of  contrast,  there  appears  no  reason 
why  we  should  seek  to  dimmish  this  contrast  without  the 
possibility  of  gaining  the  opposite  beauty — ^that  of  gradation, 
or  continuity;  for  this  can  exist  only  where  the  law  is  con* 
tinuous;  or,  m  other  words,  where  the  whole  is  one  curve. 
There  appears,  therefore,  no  foundation  for  the  rule  mun- 
tained  by  an  eminent  architect,  that  wherever  two  curves 
unite  (not  by  an  angle)  it  should  be  by  a  contact  of  the 
second  order.  To  explain  this,  we  must  observe  that  lines 
may  meet  in  an  infinity  of  different  ways.  When  they  coin* 
cide  at  a  point,  and  have  at  that  point  different  dirtttums,  the 
meeting  is  not  called  a  contact,  but  a  finite  angle.  When 
they  have  at  their  meeting  the  same  direction,  but  different 
carvatureSf  it  is  called  a  contact  of  the  first  order.  Of  this 
kind  is  the  contact  of  one  circle  with  another,  and  of  a  circle 

•  Thia  does  not,  of  eoane,  apply  to  qaalitiea  of  which  one  If  only  the  negatkm 
of  the  other  j  «b  ligbt  and  shadow,  of  cnrvatuxe  and  atnightaets. 
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(or  any  eonio  section)  with  a  straight  tangent;  for  the  car- 
Tatnre  of  this  is  0.  Contacts  of  this  kind  between  two 
cvres  must  be  either  external,  (where  their  carvatnres  are 
in  contrary  directions,  that  is,  one  convex  towards  tibte  same 
side  that  the  other  is  concare,  or  one  -f-  and  the  other . — ,) 
or  imUmal,  when  both  are  cnrred  the  same  way. 

Bnt  a  contact  of  the  sbcond  order  requires  that  the  two 
fines  shall,  at  their  meeting  point,  coincide  not  only  in  di- 
reeHan,  bnt  in  atrvatwe.  Hence  there  can  be  no  contact  of 
this  kind  between  two  circles,  (for  if  their  cnnratures  were 
eqnal  and  turned  the  same  way,  they  wonld  coincide  alto- 
gether,) nor  between  any  conic  section  and  its  tangent,  be- 
caose  there  is  no  point,  in  any  conic  section,  that  is  desti- 
tute of  cnrvatnre.  But  a  curve  that  naturally  has  contrary 
flexure  may  fom  this  kind  of  contact  with  a  straight  line 
drawn  through  its  point  of  flexure  (for  at  that  point  the  cur- 
vature is  0,  being  at  its  transition  from  -)»  to  — .)  Such 
ccmtact  may  also  be  formed  between  two  conic  sections,  as, 
for  instance,  between  any  point  of  an  eUipse  (not  upon  one 
of  its  axis)  and  its  osculatory  circle,  or  the  circle  which  both 
touches  and  has  eqnal  curvature  with  that  point  of  the 
ellipee.  Contacts  of  the  second  order  are  ndther  external 
nor  internal,  but  always  mixed;  the  curve  which  ifi  the  outer 
one  before  contact,  becoming  the  inner  one  afterwards. 

Bnt  if  the  circle  osculate  the  ellipse  at  the  end  of  one  of 
its  axes,  the  contact  is  entirely  exterior  to  the  ellipse  if 
made  on  its  side,  and  entirely  interior  if  made  on  its  end,  and 
in  either  case  it  is  that  kind  of  contact  which  we  have  called 
iniemalf  one  curve  being  within  the  other.  This  is  a  case  of 
coaftact  of  the  third  order,  which  consists  in  the  two  curves 
coinciding  not  only  in  direction  and  in  mrvatwre,  bnt  also  in 
the  rate  of  variation  of  that  curvature.  This  rate  is  in  the 
]Hresent  case  0;  for  the  curvature  of  the  circle  ia  unvarying, 
and  that  of  the  ellipse  is,  at  these  points,  at  its  maximum  or 
minimum,  and  therefore  neither  increasing  nor  decreasing, 
but  in  the  act  of  passing  from  one  state  into  the  other. 
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So,  also,  when  the  carvfttnres  are  not  Gnty  equal  and  raary- 
ing  at  tiie  same  rate,  bnt  this  rate  of  yariation  is  also  fixed 
in  both,  or  rarying  at  the  same  rate  in  both,  the  contaet 
will  be  of  tiie  foubth  order;  and  it  is  obTions  that  these 
orders  maj  be  extended  ad  infimtnm.  We  may  add,  that 
all  contacts  of  an  even  order  mnst  be  mixed,  and  all  those  of 
an  odd  order  mnst  be  intenud  or  external.  H^ce,  in  so 
muting  two  onnres  as  to  form  a  **  line  of  beanty,''  or  contrary 
flexure,  the  contact  can  never  be  of  the  second  or  any  ecen 
order. 

The  abandonment  in  architecture,  therefore,  of  contacts 
oi  the  first  order,  wonid  lead  to  no  little  complexity  in  the 
carves.  Even  in  the  sim|dest  case, — ^that  of  the  junction  of 
a  cnrve  with  a  straight  line,  (as  at  the  springing  of  an  ardi 
from  its  pier, — ^we  shonld  have  to  banish  not  only  the  circle, 
bat  every  conic  section,  and  ase  some  more  complex  cnrve, 
snch  as  should  have  a  point  of  infinite  radius  (i.  e.,  of  con- 
trary flexure,  if  continued)  at  the  springing.  These  are  not 
only  umieee$sary,  but,  I  will  venture  to  say, /oZte  refinements. 
By  attempting  to  conceal  the  change  firom  one  Hae  to  an* 
other,  as  if  it  were  a  fault,  they  tend  to  make  it  appear  one. 
Now,  if  it  be  a  fault,  it  can  never  be  obviated  in  this  way ; 
for  if  the  contact  were  even  of  the  hundredth  order,  it  would 
still  be  aa  abrupt  change  from  one  law  of  curvature  to  an- 
other,  or  to  straightness.  That  which  muM  be  abrupt,  is 
better  made  as  perfect  a  contrast  as  possible,  and  not  as  im> 
perfect  as  possible.  The  error  has  arisen  from  inattention 
to  the  fact  that  there  are  two  kind^  of  contrary  flexures,  the 
one  owing  its  beauty  to  gradatiox,  the  other  to  coimusT  ; 
that  the  first  can  only  exist  where  there  is  an  unbroken  con* 
tinnity  of  law, — ^that  is,  where  the  curve  on  both  sides  of 
the  flexure  is  one  curve  ;  and  that,  whenever  there  are  Ptoo, 
as  there  must  be  some  contrast,  it  should  be  made  as  com- 
plete a  contrast  as  possible,  pj  making  the  contact  always 
of  the  fira  order ;  always  external;  and  the  contrary  curva- 
tures, at  their  junction,  equal. 
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If  these  Tiews  of  conrOinear  fona  be  rights  It  will  follow 
that  all  internal  contacts,  and  all  oscillations  (or  contacts 
of  any  order  above  the  first,)  are  to  be  excluded  from  orna- 
mental design.  This  wonld  condemn  the  Tndor  arch;  for  In 
that  form  the  change  of  conrature  is  always  made  bj  an 
internal  contact  of  two  circles:  and  though  it  was  a  ci4>ital 
invention  for  its  purpose,  as  we  shall  see  m  a  future  chapter, 
and  the  best  that  could  be  expected  of  a  school  of  masons 
who  appear  to  have  been  acquainted  with  no  curve  besides 
the  circle;  yet  its  obstinate  retention  at  the  present  day,  (to 
the  exclusion  of  the  far  more  fit  and  perfectly  graceful  oorve 
of  the  parabola,)  only  shows  architecture,  whether  as  an  art 
or  a  science,  to  be  at  least  three  centuries  behind  the  rest  of 
the  world. 

The  object  of  this  chapter  has  been  to  consider  the  nature 
and  laws  of  those  kinds  of  beauty  in  architecture  which  be- 
long to  colors  and  to  forms  abstractedly;  or  regarded  apart 
from  the  things  to  which  they  may  be  applied,  and  conse- 
quently without  reference  to  their  destinations;  or  to  the 
beauties  of  expression,  definite  character,  or  fitness.  The 
beauties  here  treated  of  are  those  to  which  Mr.  Fergusson 
gives  the  term  esthetic,  or  sensuous,  but  it  has  been  here 
attempted  to  be  ^own  that  thia  term  applies,  in  strictness, 
only  to  the  beauties  of  color,  and  that  those  of  form  are 
always  addressed  to  the  mind,  though  they  constitute  the 
lowest  class  of  excellences  so  addressed  ;  ana  in  as  far  as 
they  make  no  attempt  at  definite  expression,  or  the  excite- 
ment of  a  definite  emotion,  do  not,  according  to  the  views 
explained  in  our  former  chapter,  entitle  the  art  in  which 
they  are  found  to  the  appellation  of  a  Fine  Art. 


CHAPTER  m. 


D^ererA  kinds  of  Bea^,  of  SMimity,  and  of  Piduresqueneu — 
Ineir  Charadervtics, 

It  is  the  business  of  good  taste  to  estimate  each  kind  of 
beauty  or  excellence  in  its  true  relative  value,  so  as  never  to 
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Merifice  a  biglier  beauty  to  a  lower,  or  one  more  nearly  ap- 
proaching to  the  merely  sensual,  but  always  the  reyerse. 

As  the  merely  sensuous  must  always  give  place  to  the 
intellectual,  where  they  are  incompatible;  so  must  all  the 
beauties  mentioned  in  our  last  chapter,  not  merely  those  of 
color,  but  those  of  unmeaning  form,  gradated  and  contrasted 
cnrrature,  give  way,  when  necessary,  to  those  of  definite 
character  and  fitness. 

The  first  and  most  obvious  distinction  of  character  In 
beauty  of  every  kind,  is  into  what  may  be  called  the  bold  or 
powerful,  and  the  gentle  or  delicate  styles  of  beauty.  The 
bull  and  the  stag,  the  oak  and  the  palm,  the  rocky  mountaiuB 
and  the  swelling  hills,  the  heroic  and  the  pastoral  poem,  the 
Hercules  and  the  Apollo,  the  painting  of  M.  Angelo  and  that 
of  Titian, — ^these  are  a  few  examples  from  the  different  de- 
partments of  nature  and  art,  that  will  illustrate  the  distinc- 
tion here  alluded  to. 

It  is  hardly  possible  not  to  obs^ve  that  these  two  oppo- 
site kinds  of  beauty  in  visible  objects  are  connected  with  two 
opposite  qualities  of  outline,  or  rather  two  principles  in  the 
composion  of  forms.  With  regard  to  the  former  or  more 
partial  view  of  the  subject,  Alison  says,  "  Simple  forms,  then, 
may  be  considered  as  described  either  by  angular  or  winding 
lines.  These  different  forms  seem  to  me  to  be  connected  in 
our  minds  with  very  different  associations,  or  to  be  expressive 
to  us  of  very  different  qualities.  I  shall  beg  leave  to  men- 
tion some  of  these,  without  pretending  to  a  complete  enume- 
ration. 

"  1.  The  greater  part  of  those  bodies  in  nature,  which 
possess  hardness,  strength,  or  durability,  are  distinguished 
by  angular  forms.  The  greater  part  of  those  bodies,  on  the 
contrary,  which  possess  weakness,  fragility,  or  delicacy,  are 
distinguished  by  winding  or  curvilinear  forms.  In  the  mineral 
kingdom,  all  rocks,  stones,  and  metals,  the  hardest  and  most 
durable  bodies  we  know,  assume  universally  angular  fonns. 
In  the  vegetable  kingdom,  all  strong  and  durable  plants  are, 
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ingeneral,  dlstlagiiislied  by  sunikr  foniMi.''  [He  miglit  hare 
nud  ahcaysj  in  their  principal  fx  stmctiural  parts.]  "  The 
feebler  and  more  delicate  race  of  yegetables,  on  the  contrary, 
are  moetly  distingniahed  by  winding  forms.  In  the  animal 
kingdom,  in  the  same  mannw,  stroi^  and  powerful  ftny^<tlft 
are  generaUy  distingnished  by  angular  forms;  feeble  and 
delicate  animals,  by  fonns  of  the  contrary  kind.''  To  this 
night  be  added  the  example  of  the  human  figure,  in 
which,  as  every  beginner  in  drawing  knows,  the  masculine 
oatlines  are  those  which  dways  present  the  nearest  approach 
to  angularity, — the  feminine,  most  roundness  and  contraiy 
flexures. 

The  same  author  continues — "  2.  In  all  those  bodies  which 
hare  a  progress,  or  whidi  grow  and  decay  within  our  ob- 
serration,  the  same  character  oi  form  is  observable.  In  the 
vegetable  kingdom,  the  infancy  or  youth  of  plants  is,  in 
general,  distinguished  by  winding  forms.  The  infancy  and 
youth  of  animals  is,  in  the  same  manner,  distinguished  by 
winding  or  serpentine  forms  ;  their  nature  and  perfect  age, 
by  forms  more  direct  and  angular.  In  consequence  of  this 
connexion,  forms  of  the  first  kind  become,  in  such  cases,  ex- 
pressiye  to  us  of  infancy  and  tenderness  and  delicacy  ;  and 
those  of  the  second  kind,  of  maturity  and  strength  and  vigor. 

"  8.  Besides  these  very  obvious  associations,  it  is  also  to 
be  observed,  that  from  the  sense  of  touch,  angular  Uxm&  are 
e^resfiive  to  us  of  roughness,  sharimess,  harshness  ;  winding 
forms,  on  the  contrary,  of  softness,  smoothness,  delicacy,  and 
fineness ;  and  this  connexion  is  so  permanent,  that  we  imme- 
diatdy  infer  the  existence  of  these  qualities  when  the  bodies 
are  only  percdved  by  the  eye.  There  is  a  very  strong  analogy 
between  such  qualities,  as  perceived  by  the  sense  of  toudi, 
and  certain  qualities  of  mind,  as,  in  all  languages,  such  quali- 
ties are  expressed  by  terms  drawn  from  the  perceptions  of 
the  external  sense.  Such  forms,  therefore,  when  presented 
to  the  eye,  not  only  lead  us  to  in£&r  those  material  qualities 
which  are  perceivai  by  the  sense  of  touch,  but,  along  with 
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these,  to  infer  also  those  qualities  of  mind  wTaidti  from,  analogy 
are  signified  by  such  qualities  of  matter,  and  to  feel  from 
them  some  degree  of  that  emotion  which  these  diq)ositiomi 
of  ndnd  themselves  are  fitted  to  prodnoe.  In  all  langoages, 
fignratiTe  ezpressioas  of  a  similar  kind  will  be  found  ;  and 
whoever  attends  either  to  his  own  feelings,  or  to  the  mean- 
ing which  men  in  general  annex  to  such  words  in  implying 
them  to  forms,  will,  I  betiere,  be  convinced,  that  the  emo- 
tion which  they  s^ify,  and  are  intended  to  signify,  is  found- 
ed upon  the  associated  qualities,  and  very  different  from  the 
mere  agreeable  or  disagreeable  sensation  which  the  material 
qualities  alone  convey. 

"  4.  The  observations  which  I  have  now  made  relate  prin- 
cipally to  simple  curves,  or  to  forms  in  which  a  single  curvar 
ture  takes  place,  as  the  curve  of  the  weeping  willo.w,  <^  the 
young  shoots  of  trees,  of  the  stem  of  the  tulip,  and  the  lily 
of  the  valley.  There  is  another  species  of  forrn^  commonly 
distinguished  by  the  name  of  the  winding  or  serpentine 
form,  in  which  different  curves  take  place,  or  in  which  a 
continued  line  winds  into  several  curvatures.  With  this 
form  I  apprehend  we  have  another  and  a  v^  important  ach 
sodation,  I  mean  that  of  ease.  From  what  cause  this  asso- 
ciation arises,  I  will  not  now  stop  to  inquire  ;  but  I  conceive 
every  one  must  have  observed^  that  wherever  we  £nd  vege- 
tables or  any  other  delicate  or  attenuated  body  assume  such 
a  form,  we  are  impressed  with  the  conviction  of  its  being 
easy,  agreeable  to  their  nature,  and  free  from  force  or  con* 
straint.  On  the  contrary,  when  such  bodies,  in  the  line  of 
their  progress,  assume  angular  forms,  we  have  a  strong  im- 
presfflon  of  the  operation  of  force,  of  something  that  either 
prevents  them  from  their  natural  direction,  or  that  constrains 
them  to  assume  an  unnatural  one.  That  winding  forms  are 
thus  expressive  to  us  of  volition  and  ease,  and  angular  forms 
of  the  operation  of  force  or  constraint,  af^>ears  from  a  singu- 
lar drcemstanoe  in  language,  viz,,  that,  in  general,  all  the 
former  directions  are  expressed  by  verbs  in  the  active  voice. 
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— a  river  winds,  a  vine  wreaths  itself  aboat  the  ehn,  a  fkmer 
bends,  Ac;  while  on  the  other  hand,  all  directions  of  the 
latter  kmd  are  expressed  in  general  by  the  passive  voice  of 
verbs.''  [The  oak  is  gnamed,  the  river «»  suddenly  deflected, 
the  stem  is  contorted,  &c.] '  *'  I  believe,  also,  I  may  appeal 
to  the  observation  of  the  reader,  whether  from  the  winding 
of  a  river,  of  the  ivy,  or  of  the  tendrils  of  the  vine,  he  has 
not  an  impression  of  ease,  of  freedom,  of  something  agree- 
able to  the  object;  and  whether  in  the  contrary  forms,  in 
SQch  cases,  he  has  not  an  impression  of  uneasiness  from  the 
conviction  of  fbrce  having  been  applied,  or  some  obstacle 
having  occurred  to  constrain  them  to  assome  a  direction 
nnnatoral  to  them.  In  general,  therefore,  I  apprehend  that 
winding  or  serpentine  forms  are  expressive  to  ns  of  ease,  Mid 
angular  forms,  offeree  or  constraint.'' 

Nature's  general  mode  of  expressing  strength  and  the  more 
exciting  qualities  being  by  angularity;  and  her  general  mode 
of  expressing  delicacy  and  the  soothing  qualities,  by  cnrva* 
ture;  we  may  conclude  that  there  must  be  a  reason  for  this, 
— that  these  qualities  of  form  must,  in  themselves,  have  a 
connexion  with  these  characters  and  emotions  of  mind,  inde- 
pendently of  all  association  with  natural  objects;  so  that  we 
should  perceive  the  difference  even  if  we  had  never  seen 
natural  objects.  This  I  ccmceive  to  be  the  case,  for  the 
following  reason  :  Angles  are  instances  of  the  most  abrupt 
CONTRAST  between  the  directions  of  their  component  lines, 
while  curves  owe  their  beauty  to  orauatiok.  Of  these  two 
qualities,  contrast  is  certainly  that  calculated  to  excite;  and 
gradation,  that  calculated  to  soothe. 

If  this  view  of  the  case  be  correct,  it  will  follow,  that  all 
other  kinds  of  contrast,  to  whatever  sense  addressed,  wiH 
partake  of  the  same  general  character  of  severe  beauty,  as 
angularity  in  form;  and  that  gradation  or  modulation,  wher- 
ever found,  win  express  the  gentler  qnalitiee,  as  well  as  cur- 
vature. Now  let  us  see  how  this  holds  good  In  the  other 
departments  of  nature  and  art,  apart  from  form 
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And  first,  of  light  and  shade;  it  Is  plain  that  those  solkta 
which  possess  straight  and  angnlar  ontlines  will  general]  j 
possess  plane  surfaces,  meeeing  in  edges  or  nooks.  Here, 
then,  the  two  planes  that  meet  at  any  edge  or  nook  will 
rarely  receive  equal  degrees  of  illmnination, — oftoi  will  one 
be  in  broad  snn^iine,  and  the  other  in  its  own  shadow.  In 
no  case,  however,  whether  the  difference  of  luminosity  be 
great  or  little,  will  there  be  any  softening  or  gradation  from 
one  into  the  other,  but  always  an  abrupt  eonirast.  Bodies 
of  curved  outline,  on  the  other  hand,  will  generally  possess 
curved  surface,  every  point  of  whicii,  being  differently  in- 
clined to  the  incident  rays,  receives  a  degree  of  light  intei^ 
mediate  between  that  of  the  points  on  either  side  of  it,  so 
that  the  whole  surface  glows  with  continued  gradations  pass- 
ing from  the  brightest  point  through  all  intermediate  tints 
into  complete  shade,  but  without  any  line  of  division,  or  any 
contrast.  Thus  the  same  qualities  of  figure  which  most  con* 
duce  to  angularity  of  outline,  conduce  also  to  contrasts  oi 
light  and  shade  on  the  surface;  and  those  which  accompany 
curvature  of  outline  lead  to  gradated  shadowing. 

The  simple  cone,  and  the  cylinder  with  flat  ends,  are  two 
of  the  most  unpleasing  forms  in  building,  (as  may  be  seen  by 
most  of  the  hideous  additions  with  which  we  crowd  the  tops 
of  our  finest  buildings,  because  Architecture  has  not,  since 
the  time  of  the  Greeks,  found  time  to  discover  how  to  build 
chimneys. )  This  want  of  character  in  the  two  forms  in  ques- 
tion, I  attribute  to  the  incongruity  existing  between  an 
angular  outline  and  a  modulated  light  and  shade.  The  con- 
vex roofs  on  angular  plans,  common  in  France  during  the 
seventeenth  century,  are  generally  disliked,  probably  from 
the  opposite  kind  of  inconsistency — curvature  of  outline  with 
contrasted  light  and  shade. 

Rocky  scenery  commonly  owes  its  severe  and  grand  cha> 
racter  less  to  angularity  of  outline  than  to  the  sharply  con* 
trasted  light  and  shade  arising  from  the  prevalence  of  plane 
surfaces  and  cnboidal  nooks  and  edges.    How  opposite  in 
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dianeter  Is  fhe  beauty  of  curved  uidulating  hflb,  which 
eren  when  mi^^ed  to  the  scale  of  the  PyreiieeSr  are  rather 
heaotifiil  than  grand;  and  this  also  is  dae  m<»e  to  the  sha- 
dowing than  to  the  outline,  once  it  is  con^cnoos  even  when 
the  skj-line  is  strtught,  angular,  or  absent  from  the  view, 
bat  ean  hardly  be  rendered  in  an  outline  drawing  only; 

Next,  with  regard  to  color,  the  great  philosopher  of 
paintiiig  says — "  Grandeur  of  effect  is  product  by  two  dif- 
ftfent  ways,  which  seem  entirely  opposed  to  each  other. 
One  is,  by  reducing  the  colors  to  little  more  than  chiaro- 
scuro, which  was  often  the  practice  of  the  Bolognian  schools; 
and  the  other,  by  making  the  colors  very  distinct  and  forcible, 
each  as  we  see  in  those  of  Rome  and  Florence;  but  still  the 
presiding  principle  of  both  those  manners  is  simplicity.  Cer- 
tainly nothing  can  be  more  simple  than  monotony;  and  the 
^tistinct  blue,  red,  and  yellow  colors,  which  are  seen  in  the 
draperies  of  the  Roman  and  Florentine  schools,  though  they 
have  not  that  kind  of  harmony  which  is  produced  by  a 
variety  of  broken  and  transparent  colors,  have  that  effect  of 
grandeur  which  was  intended.  Perhaps  these  distinct  colors 
strike  the  mind  more  forcibly,  from  there  not  bemg  any  great 
unicm  between  them  ;  as  martial  music,  which  is  intended  to 
rouse  the  nobler  passions,  has  its  effect  from  the  sudden  and 
.  strongly  marked  transitions  from  one  note  to  another,  which 
that  style  of  music  requires  ;  whilst  in  that  which  is  required 
to  move  the  softer  passions,  the  notes  imperceptibly  melt  into 
one  another."* 

It  may  be  observed  that  the  term  broken  seems  applied 
by  painters  chiefly  to  colors  that  are  made,  at  their  junc- 
tion, to  melt  gradually  one  into  the  other,  or  to  glow  with 
a  rainbow-like  gradation  of  tints,  the  effect  of  supposed 
reflections  of  colored  light  from  neighboring  objects,  as  in  the 
ornamental  style  of  painting  of  the  Venetians,  of  whom  the 
same  admirable  critic  observes,  "  Though  in  this  respect  the 
Yenetiaos  must  be  allowed  extraordinary  skill,  yet  even 

•  BmiolM,  DImoqsm  it. 
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tbat  skill,  as  thej  haye  employed  it,  wOI  but  ill  con^ipond 
with  the  great  style.  Their  coloring  is  not  onl j  too  brilliant, 
but,  I  will  venture  to  say,  too  harmonious  to  produce  that 
solidity,  steadiness,  and  simplicity  of  effect,  which  heroio 
subjects  require.*' 

The  beautiful  analogy,  above  pointed  out  by  this  master, 
between  the  forcible  and  gentle  styles  of  coloring,  and  those 
of  music,  will  convince  the  reader  that  in  this  latter  art  also, 
though  addressed  to  us  through  a  different  sense,  the  oji^o- 
site  principles  of  contrast  and  gradation  retam  the  same 
distinctive  qualities.  I  doubt  not  that  numerous  passages 
will  occur  to  the  reader  to  prove  that  in  poetry  also  the 
grander  styles  abound  in  contrasted  ideas,  antitheses,  and 
truths  set  forth  in  apparent  verbal  contradictions ;  while  in 
the  softer  and  more  fascinating  composftions,  such  contrasts 
are  avoided,  and  the  transition  from  one  image  to  another 
is  made  gradually  and  with  preparation. 

We  may  conclude  on  the  whole  that  the  distinction  of 
character  between  angular  and  curvilinear  forms  is  only  a 
particular  case  of  the  general  distinction  between  things  that 
combine  order  and  variety  by  the  principle  of  corUrastf  and 
those  which  combine  them  by  the  principle  of  gradation. 
It  must  be  observed  that  the  general  neglect  of  this  source 
of  different  expressions  in  abstract  formj  must  be  attributed 
to  the  fact  that  architecture  is  the  only  art  to  which  it  ap- 
plies. Neither  the  sculptor  nor  the  painter  has  to  study  the 
differences  of  character  belonging  to  the  differences  of  form, 
in  general,  but  only  in  the  particular  species  or  class  of  ob- 
jects which  he  is  representing.  He  has  to  discover  not  what 
varieties  of/<?nttmost  conduce  to  a  particular  expression; 
but  what  varieties  of  human  form  are  most  associated  there- 
with, because  most  frequently  accompanied  by  the  quality  or 
emotion  he  would  depict.  His  discriminations  of  form  must 
doubtless  be  incomparably  nicer  than  the  architect  requires, 
simply  because  they  are  all  comprised  within  such  incompar 
rably  narrower  limits.     Instead  of  being  free  to  range 
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through  nniTersal  nature,  not  only  throngh  all  existing  bat 
afl  possible  forms,  this  choice  is  confined  to  the  limits  to 
which  Nature  has  confined  herself  in  a  single  species;  so 
that,  compared  to  the  architect,  he  resembles  a  mnrician 
composing  for  an  instrument  whose  range  is  exceedingly 
small ;  or  to  a  dranghtsman  who  is  prohibited  the  use  of 
white  or  black,  and  confined  to  a  limited  scale  of  tints :  of 
coarse  he  mast  compensate  for  this  limitation  of  range  by 
a  more  nice  discrimination.  Bat,  besides  this,  the  yarieties 
of  expresfflon  in  ammated  forms  depend  on  other  principles 
than  those  applying  to  forms  in  general.  As  the  chemist 
and  physicist  find  the  laws  they  hare  dedaced  from  dead  mat- 
ter, all  applicable,  indeed,  to  liying  organisms,  bat  so  modi- 
fied by  the  saperaddition  of  new  and  special  laws  as  to  be 
sometimes  h«rdly  recognised;  so  we  should  err  in  applying 
the  laws  of  expression,  in  abstract  form,  to  imitations  of 
living  forms,  whose  expressions  arise  from  associations  more 
special,  more  narrow  and  concrete,  but,  at  the  same  time,  more 
powerful,  and  generally  quite  overpowering  those  which 
might  arise  from  the  general  laws  applicable  to  all  forms 
alike;  whence  it  happens,  that  the  study  of  these  general 
laws  is,  if  not  useless,  at  least  unnecessary,  to  the  professors 
of  special  design  (painters  and  sculptors),  and  has  thence 
fallen  into  neglect  with  the  professors  of  abstract  design 
(architects  and  decorators) ;  but  we  shall  endeavor  hereafter 
to  show,  that  only  by  attention  to  these  laws  have  the  styles 
which  we  blindly  admire,  miscopy,  and  misapply,  been  ori- 
ginated and  perfected. 

If  it  be  granted,  then,  which  I  think  admits  of  no  doubt, 
that  in  all  unmeaning  things,  {i,e.  all  those  which  do  not  af- 
fect us  by  association,)  and  in  all  the  sensible  qualities  of 
such  things,  as  form,  shading,  color,  and  sound,  the  two 
principles  of  contrast  and  gradation  are  expressive  of  oppo- 
site qualities — ^the  first  being  grand,  fordble,  and  exciting; 
the  other,  elegant,  gentle,  and  soothing-rit  will  follow,  that 
in  applying  this  rule  to  the  most  varied  and  precisely  defina- 
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ble  of  the  aboTe-named  properties,  (that  of  form,)  we  naj 
discriminate  between  the  two  extreme  styles  of  form,  or 
those  which  carry  oat  the  said  principle  to  their  fullest  pos- 
sible extent,  seyend  intermediate  steps,  seyeral  yarieties  of 
form,  which,  by  approaching  nearer  and  nearer  to  the  simply 
seyere,  or  to  the  merely  elegant,  withont  going  to  those  ex- 
tremes, will  be  fitted  for  yarions  purposes,  to  which  the 
extreme  modes  of  treatment  would  be  improper. 

First,  then,  to  decide  what  is  the  absolute  extreme  in  the 
application  of  the  principle  of  contrast  All  curyes,  being 
instances  of  the  contrary  principle — gradation,  are  eyidently 
excluded;  the  forms,  therefore,  must  be  composed  of  straight 
lines  and  angles.  All  angles  are  contrasts,  but  all  are  not 
equally  so.  The  contrast  between  the  directions  of  the  two 
lines,  is  eyidently  smallest  in  the  smallest  and  largest  angles. 
On  the  other  hand,  the  greatest  difference  that  can  exist  be- 
tween two  directions,  is  perpendicularity.  lUght  angles, 
then,  present  a  stranger  contrast  than  any  other  angles. 
Thus,  plane  figures  wiU  most  powerfully  carry  oat  this  prin- 
ciple when  they  are  entirely  rectilinear  and  rectangular. 
But  in  proceeding  from  plane  figures,  to  the  more  compli- 
cated case  of  solid  bodies,  we  haye  to  consider  not  only  the 
apparent  outline,  as  seen  from  yarious  points  of  yiew,  but 
also  the  light  and  shade,  which  often  conduces  more  to  the 
general  character  at  first  sight,  espedally  in  large  objects, 
than  the  outline  itself.  Guryed  surfaces,  of  course,  are  to 
be  ayoided;  but  what  should  be  the  preyailing  angle  of  the 
edges  or  nooks  where  two  planes  meet  ?  At  first  yiew  it 
might  appear  that  the  greatest  contrast  of  light  and  shade 
would  be  insured  by  the  most  acuU  arrises;  the  greatest  pos- 
sible difference  of  illumination  being  that  which  occurs  be- 
tween a  plane  exposed  perpendicularly  to  the  sun's  rays,  and 
the  hack  of  the  same  plane,  or  a  parallel  one.  But  then  it 
must  be  remembered  that  it  is  impossible  to  see  both  these 
planes  at  once,  and.that  the  smaller  the  angle  between  the 
two  planes,  the  smaller  the  chance  of  an  eye  being  so  situ- 
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the  angle  the  smaller  the  chance  of  the  san  being  so  sitoated 
afl  to  shine  perpendicolarlj  on  one,  withont  Ulominating  the 
other;  and  when  the  angle  is  larger  than  00  degrees  this  will 
be  impoBBible.  An  obtose  edge  or  nook,  then,  can  never  exhibit 
the  maximum  of  contrast  between  complete  light  and  complete 
shade,  though  eyerj  right  angle  and  acute  one  may  do  so,  and 
the  moy  acute  the  more  frequently  will  this  happen,  but  the 
less  frequently  will  it  be  seen.    On  the  whole,  then,  it  may  be 
concluded  (and,  indeed,  ought  easily  be  mathematically 
proved)  that  the  greatest  chance  of  powerful  contrasts  occiur^ 
ring  and  being  seen,  will  be  in  the  case  of  a  rectangular  arris. 
The  solid  figures,  then,  that  most  completely  carry  out  the 
principle  of  contrast,  will  hare  plane  surfaces,  and  rectangular 
edges,  or  nooks.  This  is  the  case  with  most  rocks,  (especially 
the  <^er  limestones,  the  grandest,  perhaps,  of  them  ail,)  in 
a  remarkably  uniform  manner.  The  requirements  of  org^c 
bodies  genen^ly  render  planes  and  edges  mapplicaUe  ;  but 
yet,  in  their  outlines,  we  shall  perceive  the  grander  and  more 
powerful  objects,  in  both  the  vegetable  and  animal  kingdoms, 
to  be  characterized,  not  only  (as  Alison  remarked)  by 
angles,  but  chiefly  by  right  angles.    Such  are  the  junctions, 
and  even  chief  bends,  of  the  trunk  and  branches  in  the  giants 
of  the  forest, — the  oak,  and  the  still  mightier  cotton  tree. — 
How  different  is  the  effect  of  generally  oblique  junctions  ; 
as  in  the  elm,  many  pines,  and  most  smaller  trees  and  shrubs. 
In  the  most  powerfU  animals,  and  even  the  most  sturdy 
varieties  of  generally  weaker  species,  the  straight  lines  and 
right  angles  of  the  outline  must  have  struck  every  one.    In 
the  rhinoceros,  the  ox,  and  the  bull-^og,  this  is  very  obvious. 
There  is  also  less  curvature  (or,  at  least,  less  convexity)  of 
surface  in  such  organisms,  than  in  the  feebler  and  gentler 
species  ;  for  it  may  be  remarked,  that  though  all  curved  sur- 
face introduces  gradation  of  light  and  shade,  concavity  does 
so  to  a  much  less  extent  than  convexity,  for  the  whole  or 
gfeat  pi^  of  a  concavity  may  often  be  thrown  into  equable 
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shadow,  (as  we  often  see  in  the  plates  of  a  Boric  column,) 
while  a  convexitj  mnst  always  present  soft  gradation.  Con- 
caTity  also  necessarily  leads  to  the  increase  of  edges,  and 
their  consequent  contrasts,  bat  convexity  to  their  diminution. 
So  prejudicial  is  smooth  conyexity  to  the  kind  of  expression 
now  under  consideration,  that  nature  seems  to  avoid  or 
disguise  it  by  all  sorts  of  expedients  ;  as  ru^ed  bark,  shaggy 
coats,  marked  muscles,  and  the  folds  of  the  rhinocero^  hide. 

Rectilinear  but  oblique-angled  form  may  be  regarded  as  a 
style  one  step  removed  from  the  severity  and  grandeur  of 
the  exclusively  right-angled.  It  is  exemplified  in  slate  rocks, 
(less  grand  than  those  of  limestone,  notwithstanding  their 
greater  scale  and  primitive  character,)  also  in  the  structural 
parts  of  nearly  all  plants  not  remarkable  for  sturdiness  and 
durability.  It  may  further  be  remarked,  that  the  character 
of  grandeur  is  always  diminished,  and  that  of  elegance 
increased,  by  the  introduction  of  gradattd  systems  of  lines. 
In  the  rectangular  style  such  things  can  hardly  exist.  The 
only  kind  of  gradation  we  can  have,  is  that  of  a  progressional 
series  of  dimensions ;  but  when  once  oblique  angles  are 
admitted,  there  can  be  sets  of  lines  exhibiting  a  gradated 
series,  not  only  of  dimensions,  but  of  directions  also.  This 
is  the  case  whenever  they  form  a  series  of  equal  or  regularly 
gradated  angles,  as  in  radiating  from  a  centre,  forming  any 
star-like  or  flower-like  figure,  or  any  series  of  equal  or 
regularly  graduated  bends,  at  equal  or  regularly  graduated 
distances,  as  in  a  portion  of  a  polygon,  either  regular,  or 
such  as  might  be  inscribed  in  any  curve.  In  fact,  such 
arrangements  will  always  suggest  the  idea  of  a  curve,  and 
we  are  affected  by  the  expression,  not  only  of  what  tdsts  in 
any  form,  but  also  of  whatever  is  suggested  to  the  eye  by  it. 
Thus  in  even  the  most  exclusively  rectangular  design,  a  step- 
like succession  of  a  few  zig-zags,  either  equal  or  regularly 
gradated,  will  immediately  suggest  the  appearance  of  an 
oblique  line  or  surface,  and  will  therefore  lose  a  portion  of 
the  rectangular  character  ;  and  in  that  proportion  fall  off  a 
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liitie  from  gnudear  towards  elegance.  So  also  in  oUiqiie* 
angled  design,  any  admission  of  the  jmndple  of  gradation^ 
as  by  fan-like,  pol^^nal,  or  cnnre-like  arrangements,  will  so 
&r  dqpart  from  the  serere  character,  as  to  bring  ns  close 
opon  tibe  rerge  of  cmrrilinear  design.  It  may  be  obserred 
that  wheneyer  smaU,  shortlived,  or  ddicate  plants  are  com- 
posed of  straight  lines,  they  are  made  to  abound  in  these 
regularly  gradated  arrangements,  either  radiating  or  cnrre- 
suggesting.  The  equisetum  is  an  instance  where  both  are 
folly  carried  out.  In  the  ferns  also  the  straightness  and 
angularity  of  detail  (otherwise  so  contradictory  to  the  grace- 
lul  curvature  of  the  general  forms)  is  modified  by  the  copious 
introdnction  of  the  prindple  of  gradation,  not  indeed  in 
direUuffu,  but  in  dimenrions,  with  a  degree  of  regularity  and 
uniformity  perhaps  unparalleled. 

From  such  examples  as  the  equisetum,  the  transition  to 
cwrviUnecMr  design  is  hardly  perceived.  Here  it  is  observable 
that  those  curve  compositions  will  contain  most  of  the 
jNinciple  of  contrast  and  least  of  gradation,  which  contain 
most  angles  aud  fewest  contrary  flexures  ;  for  though  the 
latter  must  perhaps  be  r^arded  (at  least  when  composed  of 
two  curves)  as  extremely  delicate,  or  infinitesimal  cases  of 
contrast,  yet  associations  drawn  from  natural  objects  have 
so  taught  us  to  connect  them  with  every  thing  soft,  fragile, 
and  weak,  that  they  are,  and  always  must  be,  the  variety  of 
form  most  removed  from  the  severe  and  exciting,  and  most 
completely  embodyiug  the  elegant  and  soothing  qualities. — 
Accordingly  it  appears  that  the  varieties  of  Gothic  tracery 
in  which  this  king  of  form  is  introduced,  (as  the  English 
foliated  and  Freuch  flamboyant,)  are  always  regarded  as 
something  more  light,  delicate,  and  fanciful,  than  the  pre- 
ceding varieties,  which  do  not  contain  less  curvature,  but 
whose  curves  are  united  only  by  angles  and  cusps,  instead  of 
by  contrary  flexures. 

A  further  distinction  must  still  be  made  between  artificial 
contrary  flexures^  or  those  composed  of  two  curves,  and 
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natural  ones,  or  tiliose  in  which  the  same  cmte  (with  tbt 
same  equation)  c<Mitmnes  thronghont.  We  conndered  this 
distinction  in  oor  last  chapter,  and  may  now  obsenre  thaA 
the  former  ckss  (the  artifidal  or  amtraskd)  were  the  oslj 
**  lines  of  beanty"  known  to  or  employed  by  the  Gothio 
artists,  (except  of  course  in  imitatlTe  scnlptore,)  and  that 
the  latter  (the  natural  or  gradoM)  were  the  onty  ones  used 
by  the  Greeks,  or  by  nature,  as  far  as  we  hare  the  means  of 
tracing.  To  this  class  belong  all  the  natural  forms  of  the 
animal  world  ;  as  all  those  of  the  ndneral  belong,  on  the 
other  hand,  to  the  rectOinear  and  angular  dass. 

Forms  may  be  divided,  then,  as  regards  their  inherent  or 
essential  expression,  (apart  from  association,)  into  at  least 
five  classes,  aceordii^  to  their  degrees  of  contrast  or 
gradation  ;  from  the  most  grand,  severe,  and  forcible,  to  the 
most  elegant,  fanciful,  and  deliqate.    Thus  we  may  anrange : 

L  ReetiUaear  and  reetangolftr  fonns. 

n.  ReotUinflar  but  obliqtt«>aii^«d  fomu. 

m.  Carrilinear  forms  without  eontraiy  flezoiM . 

IT.  Currillnear  forms  with  artificial  eontrarj  flexures. 

V.  Curvflinear  flMrms  with  mitaral  oontnry  flemuea. 

In  most  complicated  productions,  whether  of  nature  or 
of  art,  we  of  course  find  several  or  even  all  these  classes  of 
form  united.  Let  us  inquire,  then,  to  what  differemt  parts  of 
such  a  composition  the  different  classes  of  form  are  natu- 
rally and  essentially  best  adapted. 

Alison  has  the  following  correct  remarks  on  this  subject : 
"  The  great  constituent  parts  of  every  building  require  di- 
rect and  angular  lines,  because  in  such  parts  we  require  the 
expression  of  stability  and  strength.  *  *  *  A 
balustrade  might  with  equal  propriety  be  finished  in  waving 
lines,  but  certainly  would  not  be  beautiful.  A  twisted  co- 
lumn, though  affording  very  pleasant  curves  to  the  eye,  is 
acknowledged  to  be  less  beautiful  than  the  common  and 
regular  one.  *  *  *  It  deserves  to  be  remarked, 
that  the  form  of  the  great  constituent  parts  of  all  vegeta- 
bles, whether  strong  or  delicate,  is  nearly  the  same;  the 


growth  of  the  stem  and  the  direction  of  the  branches  being 
in  both  alfkCy  and  in  both  also  either  in  straight  or  in  uign- 
kr  lines.  It  is  principally  in  the  more  delicate  parts  of  the 
first,  in  the  jonng  shoots,  and  in  the  fdiage,  that  thej  devi- 
ate from  this  form  and  assmne  wlndii^  or  cnnilinear  direc- 
tions. 

It  may  be  taken,  then,  as  a  principle  hardly  admitting  of 
question,  that,  as  in  nature,  so  in  art,  the  grayer  and 
more  forcible  Tarieties  of  form  should  in  every  case  pre- 
vail, most  in  the  ruling  and  structural  parts  of  a  work^ 
and  that  the  more  elegant  varieties  should  find  their 
place  chiefly  in  the  ornamental  details.  In  all  the  feost  ap- 
proved works,  of  whatever  style,  this  will  be  found  an  invio- 
lable rule.  Whether  a  portion  only,  or  all  of  the  five  classes 
of  form  be  empl<^ed,  the  class  nearest  the  beginning  of  the 
above  list  will  be  found  in  the  ruling  forms  and  divisions; 
and  that  placed  latest  in  our  list  will  be  confined  to  the 
smallest  and  most  OTnamental  parts ;  the  intermediate  class  or 
classes  being  found  in  features  of  an  intermediate  degree  of 
inqKnrtance. 

In  decidmg  to  which  of  the  five  classes  of  form  a  given 
feature  should  belong,  we  may  consider  this  to  be  dependent 
on  three  elements  justly  ;  1st,  the  graver  or  higher  charac- 
ter of  the  destination  of  the  building  ;  2dly,  the  greater  or 
less  importance  of  the  feature  itself ;  and  8dly,  its  height 
above  the  ground.  And  by  regarding  each  of  these  elements 
apart  from  the  others,  we  may  deduce  these  three  rules : 

I.  That  in  buildings  of  different  destinations,  features 
which  are  of  the  same  importance,  and  placed  at  the  same 
heights  relativdy  to  the  whole  buildiugs  to  whidi  they  be- 
long, should  never  be  found  belonging  to  a  graver  class  of 
form  in  the  building  of  the  lighter  destination,  and  vice  versa, 

II.  That  in  the  same  building,  and  at  the  same  height 
above  the  ground,  principal  and  structunJ  members  should 
never  belong  to  a  lighter  class  of  form  than  subordinate 
fBatureSi  nor  these  to  a  lighter  class  than  ornaments: 
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III.  Tbaii  IB  the  same  building,  featores  of  the  same  degree 
of  importance,  bat  situated  at  different  levels,  shonld  never 
belong  to  a  graver  class  of  form  at  the  high^  level  than  at 
the  lower. 

These  roles  will,  I  believe,  be  found  to  apply  more  or  less 
extensively  both  to  styles  and  to  individual  boildings,  in 
proportion  as  the  said  styles  or  buildings  are  more  or  less 
generally  admired  by  persons  of  good  taste.  Let  us  examine 
a  few  instances. 

In  the  Egyptian  buildings  we  find  forms  of  the  first,  third, 
and  fifth  classes. 

In  the  Doric  Temples  rectangularity  is  strictly  observed 
in  the  plan  and  principal  arrangements,  up  to  the  higher 
part  of  the  structure. 

In  the  Ionic,  the  rectangular  forms  were  discarded  in  some 
minor  matters. 

In  the  Corinthian  Order,  we  have  forms  in  the  second, 
third  and  fifth  kind — ^the  fifth  kind  reigning  exclusively  in 
all  the  minor  details. 

In  the  Roman  and  Gothic  styles,  the  introduction  of  the 
arch  and  dome  constructions  necessarily  led  to  a  more  fire- 
quent  circularity  in  the  principal  parts  of  buildings,  both  in 
plan  and  elevation,  and  this  called  for  a  far  greater  prepon- 
derance of  curved  forms  in  the  minor  features  and  details, 
than  their  servile  adaptation  of  Grecian  forms  (instead  of 
Grecian  principles)  would  admit. 

It  were  impossible  in  our  brief  space  to  seek  for  the  prin- 
ciples of  architectural  manners  that  intervened  between  the 
fall  of  the  Roman  and  the  rise  of  the  Gothic  systems,  filling 
up  a  long  night  of  barbarism  between  the  setting  of  the 
ancient  civilization,  and  the  appearance  of  the  first  dawning 
beams  that  heralded  in  the  modern. 

As  the  lighter  classes  of  form  are  indisputably  the  most 
beautiful  in  themselves,  apart  from  fitness,  there  is  generally, 
when  the  art  is  in  a  progressive  state,  far  more  danger  ci 
their  eneroaching  on  the  domains  of  the  graver  classes,  than 
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tiiere  is  of  tbe  eontnuy  evil.  AcoordiDgl j,  it  was  m  tbif 
way  that  the  Oreek,  the  Oothic,  and  the  Italian  sjstenu  all 
declined  and  fell  after  their  perfsction  had  been  reached,  and 
change  began  to  be  songht  no  longer  for  the  sake  of  improye* 
ment,  bat  for  the  sake  of  change.  To  these  we  might  stdd 
the  Moorish  system,  which  seems  to  hare  cnhninated  in  the 
Alhambra,  and  afterwards  to  haTe  sank  nnder  this  same 
abuse — the  foorth  class  of  forms  gradually  superseding  the 
third,  even  in  so  important  a  member  as  the  arch.  The 
^reat  defect  of  this  styles  however,  was  always  want  of 
attention  to  this  correct  placing  of  the  different  classes  of 
forms;  and  at  present,  in  the  poor  remains  of  it  practised  in 
Mahommedan  countries,  the  forms  are  jumbled  together  with 
as  little  regard  to  filaess,  as  in  our  own  sham  architecture. 
If  we  may  judge  from  engrayings,  the  arches  are  almost 
exclusiyely  of  the  reflezed  (or  ogee)  form,  while  mere  details 
on  them  are  often  of  a  more  severe  class  (the  second),  and 
the  minutest  Iattioe-w<Mrk  often  of  the  first.  The  confusion, 
however,  cannot  be  worse  than  that  to  which  our  own  build- 
ing is  reduced,  in  which  the  gravest  forms  are  often  piled  oa 
the  top,  if  indeed  there  be  any  top— architecture  having 
generally  been  driven  from  thence — and  clothing  only  the 
sides  to  a  certain  height,  leaving  all  above  to  the  ventilator 
and  chimney-doctor. 

It  is  now  necessary  to  say  a  few  words  on  two  qualities  in 
architecture  and  other  arts,  frequently  distinguished  from  the 
beautiful,  though  at  other  times  classed  as  particular  divi- 
sions thereof :  these  are  the  sublime  and  the  piduresque. 

The  inquiry  into  the  sources  of  the  sublime  in  architecture 
must  on  no  account  be  passed  over  by  the  architect,  as  hav- 
ing no  application  to  his  every-day  practice;  for  the  same 
principles  by  which  sublimity  has  been  produced  in  great 
works,  are  the  only  ones  by  which  the  opposite  of  this 
quality  can  be  avoided  in  small  works;  and,  indeed,  this 
opposite  ("viz.,  meawMSs)  is  the  very  WOTSt  fault  a  building 
can  have,  and  its  avoidance  is,  if  possible,  more  important  in 
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IMe  works,  than  is  the  attatmnent  of  true  saWmltj  Ib  great 
ones;  for  magnitade  and  richness  will,  with  the  many,  alwi^ 
sniBce  to  coTer  the  want  of  the  latter;  while  nothing  can,  nt 
small  buildings,  stand  in  the  stead  of  that  for  which  we  haTe 
no' good  name,  bnt  which  woold,  if  increased  in  scale,  be 
called  sublimitj. 

We  conclnde  that  the  fwrna  or  arrangements  of  farm  nsed 
in  the  Doric  order,  are  better  smted  to  prodnce  sablhae 
effects. 

No  Gothic  bn&ding  CTer  possessed  a  particle  of  saUimity; 
nnless  at  least  donbling  the  eztenjt,  and  trebling  the  height, 
of  an  ordinary  Doric  temple. 

This  superior  sublimity  of  sqnare-headed  openings  and 
recesses  arises  not  only  from  their  belonging  to  a  grarer 
class  of  form  than  the  arch,  bnt  also,  Tery  often,  from  their 
greater  expression  of  fofwtsr^  owing  to  onr  knowledge,  or 
mechanical  perception,  that  they  mut  require  larger  stones 
in  their  construction.  This  somewhat  Tulgar  comdderation 
has,  I  am  convinced,  a  great  deal  mwe  to  do  with  onr  appre- 
ciation of  sublimity  in  architecture  than  we  should  be  willing 
to  admit.  Thus,  the  original  Doric  cornice  has  very  little 
projection  compared  with  later  forms  of  that  feature,  yet  it 
produces  as  grand  an  effect  as  many  cornices  that  have  three 
times  its  projection.  This  arises  from  the  absence  of  all 
contriyances  for  supporting  it  by  corbelling, — from  our  per^ 
ception  that  it  cannot  possibly  be  built  up  of  little  pieces. 
Add  such  contriTances,  fas  in  the  Corinthian  cornice,  or  still 
more  obviously  in  the  Gothic  machicolations,  J  and  you  most 
increase  the  frowning  mass  to  several  times  its  dimensioiis, 
in  order  to  retain  the  same  bold  and  noble  appearance.  So^ 
also,  the  relative  effect  of  square  and  of  arched  coverings 
above  alluded  to,  is  entirely  reversed  in  Gothic  architecture. 
Here,  the  arched  window-head,  when  sufficiently  recessed 
and  overhanging,  has  some  grandeur,  while  the  fiat-topped 
Tudor  form  has  not  a  particle;  being  propped  up,  and,  as  it 
were,  balanced  on  the  muUions,  whose  ajqiarent  insuffldencj 
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fiyr  its  8apiK>rt  onlj  increases  the  intense  siMifiiittf  of  ezpree- 


Nezt  to  tlie  preralenee  of  the  graTer  dasKs  of  form,  and 
tlie  sabordination  of  the  others  to  them,  nothing  is  more 
essential  to  nobleness,  than  a  {^indple  analogous  to  what 
painierB  term  brtadthy  L  e.,  abundance  of  one  thing  in  one 
place.  On  this  subject,  Bnskiff  has  insisted  with  his  nsnal 
eloquence,*  and,  with  great  truth,  says,  "  that  the  relatire 
majesty  of  buildings  depends  more  on  the  weight  and  v^or 
of  thdr  masses  than  on  any  other  attribute  of  their  design; 
mass  of  everything,  of  bulk,  of  light,  of  darkness,  of  color, 
not  mere  sum  of  any  of  these  but  breadth  of  them;  not 
broken  light  nor  scattered  darkness,  nor  divided  weight,  but 
solid  stone,  broad  sunshine,  starless  shade.'' 

On  the  whole,  it  would  appear  that  neither  sublimity  nor 
eatiflliactory  beauty  in  building,  can  be  expected  of  a  flat 
surface  with  holes  in  it,  hower^  beautiful  their  forms  and 
arrangement.  There  must  be  yariety  and  contrast  of  sur- 
faces, and  large  ones  too.  There  ia  no  such  thing  as  fine 
architecture  of  only  two  dimensions;  it  must  hare  length, 
breadth,  and  depth.  No  building  has  ever  been  admired 
that  has  not  either  colonnades,  or  arcades,  or  very  promi- 
nent buttresses,  or  a  very  prominent  cornice,  or  very  deeply 
recessed  openings.  These  are  the  chief  means  that  have 
hitherto  been  employed  to  obviate  flatness  (though  never 
for  that  purpose  alom)  in  permanent  buildings.  In  tempora- 
ry ones  there  have  been  some  other  expedients,  as  the  broad 
eaves  of  Italy  and  Switzerland,  the  overhanging  stories  of 
our  half-timbered  houses,  and  the  verge-boards,  best  deve- 
loped, perhaps,  in  northern  France.  When  iron  shall  be  ad- 
mitted into  architecture,  perhaps  a  new  resource  of  this  kind 
may  be  found  in  balconies  or  window-canopies,  or  both:  but, 
as  a  general  rule,  all  horizontal  masses  of  shadow  seem  to 
require  a  greater  and  general  mass  of  the  same  kind  at  the 
top  of  the  buildmg;  and  this  is  the  most  general  feature  in 

•  **  The  Seren  Ijimpt  of  Azchltectiire,"  ehftp.  n.    "  Ftoww." 
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aH  countries,  and  is  aeTsr,  in  an j  degree,  a  merel j  ornamen- 
tal one,  since  its  use,  to  sbelter  the  walls,  will  always  be 
more  effectually  serred  the  more  it  projects:  not  an  inch  add- 
ed io  it  can  CTcr  be  useless. 

Another  mode  of  ayoiding  flatness  has,  indeed,  been  often 
praclised  in  rural  buildings,  (being  inapplicable  in  towns,) 
and  consists  in  breaking  the  ground  plan  in  a  complicated 
manner,  and  carrying  up  some  parts  higher  than  others.  It 
has  a  very  specious  appearance  of  eifecting  the  object  with- 
out unnecessary  expense;  but  this  is  a  great  fallacy,  as  any 
one  may  soon  see,  who  makes  a  few  calculations,  that  these 
breaks  and  jetties  add  more  to  the  material  requisite  to  en- 
close and  cover  a  glTcn  space,  and,  in  fact,  are  a  greater 
sacrifice  to  architectural  beauty,  than  the  largest  features 
OTer  added  to  such  buildings,  suppoang  them  added  for 
ornament  alone,  which  they  never  ought  to  be.  When 
fashion,  however,  runs  mad  after  some  style  devoid  of  promi- 
nent features,  (as  the  Tudor,)  there  is  no  alternative  but- 
this  extravagant  broken-plan  system,  as  the  late  Tudor  revi- 
vers found  to  their  cost. 

Of  that  most  •highly  artificial  source  of  pleasure,  called 
the  piduraque,  there  have  been  several  explanations  given, 
all  in  substance  the  same  as  that  of  Ruskip,  who  regards  it 
as  a  **parasUical  sublimity ,"  or  a  display,  in  the  extraneous 
and  adventitious  circumstances  of  a  thing,  of  such  qualities, 
as,  transferred  to  the  thing  itself,  would  conduce  to  sublimi- 
ty: thus  the  same  shagginess  which  in  the  lion's  mane  con- 
duces to  sublimity,  in  the  goat  constitutes  picturesqneness. 
The  same  depth,  and  prevalence*  of  contrast,  in  a  building, 
which,  when  produced  by  evident  design,  leads  to  nobleness, 
or  at  least  obviates  meanness;  when  resulting  from  chance, 
("either  by  the  falling  of  a  building  to  ruin,  or  the  unfore- 
seen clustering  of  several  buildings  together,  j  constitutes 
the  picturesque.  The  chance  combinations,  which,  in  natu- 
ral scenery  on  a  small  scale,  are  most  picturesque,  are  the 
very  same  which,  if  magnified  to  a  mountainous  scale,  would 
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be  the  most  eablune;  so  that  aa  artist  nught  often  from 
h^pe  of  gravel  or  mortar,  compose  sceaes  more  awftii  than 
he  could  find  in  a  year's  wandering  among  Alps.  Again, 
the  pictoresqne  in  painting,  or  what  is  called  "  pictorial 
effect/'  consists  in  applying  to  the  adveutitioas  circnmstances 
of  light  and  shade  tiiose  same  principles  and  roles  which  the 
higher  aims  of  the  art  would  require  to  be  observed  with 
regard  to  things  and  actions  themselves;  so  that,  for  in- 
stance, pictorial  effect  requires  one  principal  light,  just  as 
the  higher  excellences  would  require  one  principal  action. 
Whatever  would  be  sublime  or  excellent  in  essentials,  the 
same  is  picturesque  in  nonressentials.  ''There  are  thus,'' 
says  this  writer,  *'  both  in  sculpture  and  painting,  two,  in 
some  sort,  opposite  schools,  of  which  the  one  follows  for  its 
subject  the  essential  forms  of  things,  and  the  other  the  acci- 
dental lights  and  shades  upon  them.  There  are  various  de- 
grees of  their  contrariety:  middle  steps — as  in  the  works  of 
Coreggio,  and  all  degrees  of  nobility  and  of  degradation  in 
their  several  manners;  but  the  one  is  always  recognized  as 
the  pure,  and  the  other  as  the  picturesque  school."* 

It  would  thus  appear  that  this  quality  has  more  affinity 
with  the  sublime  than  with  the  beautiful,  being  probably  in- 
compatible with  the  latter  in  its  strict  sense,  while  each  of 
these  opposite  qualities  is  compatible  with  the  sublime,  at 
least  with  what  may  be  called  physical  sublimity,  which  is 
the  only  kind  of  which  we  have  hitherto  spoken. 

Consistently  with  this,  we  might  expect  the  picturefsqne 
in  building  to  be  most  frequent  where  there  is  most  prevsr 
lence  of  contrast,  and  the  gravest  or  most  contrasted  species 
of  forms;  and  perhaps  the  best  rule  that  could  be  given  for 
its  production  would  be  the  accomulation  of  all  the  physical 
elements  above  mentioned  as  conducing  to  sublimity,  with  a 
studied  exclusion  of  those  previously  described  as  belonging 
to  beauty,  such  as  uniformity  of  halves,  equidistant  repeti- 
tion, and  the  principle  of  gradation  in  general. 

•  *'  Th9  SftvTB  Lainps  of  Architeetart,'*c]Mp.  Vl. 
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We  have  already  obBerred  that  in  fonns,  or  rather  compo- 
ritions  of  form,  of  the  first  two  (or  rectilinear^  classes,  a  dis* 
tinction  must  be  made  between  those  which  do,  and  those 
which  do  not,  display  this  principle  of  gradation;  which  can 
occnr  in  the  first  class  only  in  one  way,  by  a  gradated  series 
of  dimmfi&nSf  while  in  the  second  it  may  be  displayed  in  two 
ways,  either  by  gradation  of  dimenaons,  or  oidireaions  (i.  e., 
of  lines  or  of  angles  J  The  influence  of  gradated  dimensions, 
in  diminishing  grandeur  and  increasing  elegance,  may  be 
seen  by  comparing  the  majority  of  Italiiw  campaniles  f  which 
contain  no  such  gradation^  with  those  of  Pisa,  Cremona,  or 
St.  Bride's,  London,  [the  only  one  of  Wren's  designs  in 
which  this  principle  reigns,]  or  with  the  Chinese  towers,  in 
which  it  seems  aniversally  observed,  and  contributes  not  a 
little  to  their  want  of  grandeur  or  solemnity.  In  the  grand- 
er and  more  sturdy  classes  of  vegetables,  too,  from  the  cotton 
tree  down  to  the  thorn  bush,  this  principle  is  nowhere  to  be 
found;  while  in  those  few  plants  of  the  minor  and  less  dura- 
ble kind,  that  contain  straight  and  angular  forms,  it  is  car- 
ried to  extreme  perfection,  as  in  the  grasses,  ferns,  Ac.  It 
seems  as  if  this  elegance  were  given  them  as  a  substitute  for 
that  of  curvature,  common  to  other  delicate  v^table 
forms. 

Now  neither  these  plants,  nor  the  gradated  campaniles, 
would  ever  be  regarded  in  themselves  as  picturesque  objects, 
while  the  first-mentioned  class  of  each  is  reckoned  among 
the  most  decided  examples  of  this  quality  in  nature  and  in 
art.  The  beauty  of  gradation,  therefore,  while  it  is  only 
prejudicial  to  real  sublimity,  is  destructive  of  this  sort  of 
**  parasitical  sublimity,"  called  the  picturesque.  Divisions, 
when  not  equal,  must  be  varied  without  any  connecting  law, 
as  in  fig.  I  A,  never  as  in  c  and  d.  To  show  how  much  a 
prevalence  of  the  lighter  [or  more  gradated]  classes  of  form 
also  militates  against  the  picturesque,  we  may  observe  that 
this  quality  was  perhaps  never  ascribed  to  any  natural  object 
whose  forms  are  exclusively  curvilinear;  and  that  it  m  rare 
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in  (.even  the  roijM  of]  Tonndnffctied  bmldia^;  more  frtqnent 
in  the  pointed;  and  most  of  all  m  those  styles  which  are 
destitute  of  arches.  The  Egyptians  often  clustered  baHd- 
ings  irr^nkrly  to  snit  peodiu*  sites;  and  the  temple  thns 
built  on  the  island  of  PhiUa  has  been  instanced  as  a  very 
complete  case  of  pctnresqneness,  and  will  illnstrate  the 
rales  giren  above. 


CHAPTER  IV. 


Imitation  of  Nature  and  ofModeh^False  Imitation — CongtrucHvt 
Truth^Corutructive  Vnity^Tkree  Systems  thereof. 

It  is  the  highest  possible  aim  of  architectare,  as  of  all  the 
other  fine  arts,  to  imiiate  nature.  This  has  been  generally 
admitted;  bat  the  kind  of  nature  to  be  imitated,  and  the 
mode  of  imitation,  seem  to  be  yery  varionsly  understood; 
and  the  motions  of  some  architectural  writers  on  this  point 
are  singularly  different  from  each  other,  and  firom  the  plain, 
ordinary  sense  of  the  expression. 

The  difference  between  copying  natural  objects  and  hnita- 
ting  nature,  lies  in  the  introduction,  in  the  latter  case,  of  a 
principle  of  generaUzaiion.  To  draw  the  likeness  of  a  par- 
ticular man,  ever  so  exactly,  though  you  excelled  the  da- 
guerreotype,  is  not  imitating  nature.  To  discover  and  draw 
all  thai  is  common  to  a  certain  class  of  men,  omitting  every 
thing  thai  is  peculiar  to  each,  this  is  imitating  nature.  The 
same  principle  must  run  through  every  imitation  of  her,  as 
distinguished  from  an  imitation  of  a  natural  object;  and  it 
must  be  remembered,  that  with  this  latter  imitation,  archi- 
tecture has  nothing  to  do.  A  man  may  learn  to  paint  or 
carve,  simply  by  imitating  individual  models,  and  may  with 
the  vulgar  pass  for  an  artist:  but  in  architecture,  there  is  no 
iifch  thing  as  this  copying  of  one  thing  at  a  time:  the  archi- 
tect [I  mean  the  designer  in  architecture]  must  learn  to  copy 
several  things  at  onee, — to  imitate  with  generalisation. 
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Here  is  an  example :  We  want  a  colomn,  tliat  is,  aloog 
body,  intended  for  transmitting  pressure  to  or  from  a  flat 
snrface.  It  evidently  mattes  not  whether  the  cohmm  be 
pressed  against  the  surface  or  the  sor&ce  against  it,  nor  in 
what  position  it  be  placed.  A  stmt  is  a  column,  only  placed 
horizontally  or  inclined.  The  expression  we  want  to  giye  is 
that  of  fitness  to  recelTc  this  pressure.  Some  nations  have 
copied  columns  from  trees,  and  some  from  men,  but  neitiier 
of  these  are  imitating  nature  ;  on  the  contrary,  they  are  most 
nnnatural,  since  nature  has  not  made  either  a  tree  or  a  man 
to  serre  the  purpose  of  a  column.  Are  there,  then,  no 
columns  in  nature  ?  Certainly  there  are.  The  limbs  of  all 
animals  are  columns  according  to  the  above  definition,  the 
surface  against  which  they  press  being  the  groond.  The 
human  arm  uplifted  to  support  a  weight  is  also  a  column  ; 
and  when  pushing  horizontally  against  a  wall,  it  is  a 
horizontal  column  or  strut. 

Now,  in  comparing  these  various  natural  columns,  to  dis- 
cover what  they  have  in  common,  we  find 

Ist.  That  their  transverse  section  has  rmimdness,  therefore 
we  make  the  artificial  column  round. 

2d.  We  observe  that  they  vary  in  length  from  four  to  ten 
times  their  greatest  diameter  ;  but  that,  in  animals  remark 
able  for  power  and  majesty,  they  do  not  exceed  six  times  the 
said  diameter.  Therefore^  when  this  character  is  aimed  at 
the  columns  are  confined  to  a  length  of  between  four  and  six 
diameters. 

3d.  With  regard  to  their  longitudinal  outline  or  profile, 
they  have  a  general  diminution  from  their  origin  to  the  ankle 
or  wrist,  t.  e.  to  a  point  near  the  surface  against  which  they 
are  applied.  Therefore  we  make  the  artificial  column  diminish 
from  its  origin  (the  ground  or  stylobate)  to  a  point  near  the 
surface  to  be  sustained.  This  'diminution  is  in  a  contrary 
direction  to  that  of  the  legs  of  animals  or  furniture,  because 
tAey  issue  from  the  object  to  which  they  belong,  and  apply 
themselves  against  a  surface  below ;  but  the  legs  of  ^faoed 
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straetore  shoidd  ifisoe  from  the  snbstnictiire,  and  apply  them- 
BelYes  to  the  support  of  that  above  ;  otherwise  they  would 
a|^)ear  to  belong  to  the  saperstnictnre  and  form  with  it  one 
mass,  distinct  from  that  below,  and  made  to  be  moved  about 
like  a  table.*  The  position,  therefore,  of  the  colomn,  is  not 
that  of  the  leg,  but  that  of  the  uplifted  arm. 

4  th.  Another  circumstance  common 
to  all  tUe  models,  is  that  the  diminu- 
tion aljove  noticed,  is  not  regular  or 
Btraight  Imes,  but  tends,  in  the 
majoritj  of  cases,  to  convexity,  i,e, 
the  dimiuttt  ion,  at  first  slow,  becomes 
more  rapid  towards  the  wrist  or 
aukle ;  and  this  is  accordingly 
imitated,  the  convexity  (or  entasis) 
being,  however,  much 
less  than  in  the 
human  example,  be- 
cause in  that  ex- 
ample it  is  peculiarly 
|Cr<^at ;  and  the  object  is  not  to 
Imitate  this  or  any  other  single 
model,  not  any  particular  limb,  but 
the  geueral  idea  of  limbs — ^their 
central  fornix  avoiding  all  peculiari- 
ties. If  their  outline  were,  in 
nhivi>rvE^I  I m  tore,  as  frequently  con- 
cave as  convex,  the  correct  imitation  would  be  to  make  it 
straight ;  but  this  is  not  the  case,— convexity  predominates 
over  concavity,  and  very  slight  convexity  predominates  over 
that  which  is  more  decided. 


•  An  eminent  architect  baf  attempted  to  explain  thi«,  by  aaeerting  aa  a  rule,  that 
bodiM  moat  diminish  ai  thej  rwMdtf  from  Vie  ^y;  aa  a  colamn  npward*,  or  the  leg 
of  a  taUa  dovnwardji.  He  doeii  not  give  any  reason  or  foundation  in  nature  for  this 
rule  ;  but  it  would  be  rery  desirable  to  do  so,  as  it  would  overturn  many  long- 
Mtabliahed  prejudices  in  architeoture,  and  lead  to  some  eudons  noreltiea,  such  aa 
ihi»doimw»rd  diminution  of  balosten,  pedeatali,  ha. 
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6th.  We  observe  it  to  be  a  part  of  the  nature  of  limbs, 
that,  after  passing  the  smallest  part,  there  is  a  rapid  swelling 
to  form  the  extremity  (hand  or  paw^,  which  is  what,  in  the 
column,  we  call  its  capital.  This  protuberance  is,  in  nature, 
commonly  eccentric  with  regard  to  the  axis  of  the  limb,  pro- 
jecting most  on  the  side  towards  which  the  animal  looks, 
and  least  (or  often  not  at  allj  on  the  opposite  side.  But 
this  eccentricity  is  least  in  the  most  powerful  animals,  and  is 
properly  onutted  in  the  column  for  two  reasons  ;  either  as 
an  exaggeration  of  that  which  distinguishes  the  most  power- 
ful models,  t.  e,  those  most  di^laying  a  quality  intended  here 
to  be  expressed  ;  or  else  it  is  omitted  as  having  an  obvious 
relation  to  a  property  not  intended  to  be  expressed,  viz., 
locomotion  :  for  the  foot  always  projects  most  on  the  side 
towards  which  it  is  to  move  ;  and  as  the  capital  is  not  to 
move,  there  is  no  natural  example  for  its  projecting  on  one 
Bide  more  than  another. 

6th.  With  regard  to  the  outline  of  the  extremity,  we  find 
it  to  be  at  first  concave  for  a  very  short  distance,  then  be- 
coming very  slightly  convex,  and  as  it  sjHreads,  the  convex* 
ity  slowly  increases,  till,  at  the  greatest  protuberance  from 
the  axis,  it  rapidly  curves  round,  and  returns  inward  to  a 
small  distance.  Such  are  the  points  common  to  the  outline 
of  every  animal  extremity,  when  applied  against  a  flat  sur- 
face; and  such  are  those  which  constitute  the  profile  of  the 
capital,  in  that  wonderful  specimen  of  generalized  imita- 
tion, the  original  Doric  colmnn;  that  form  on  which  no  sub- 
sequent efforts  have  been  able  to  effect  any  improvement  in 
fitness  of  expression  to  its  particular  purpose;  that  form 
which  when  first  seen,  so  throws  into  the  shade  everything 
else  that  we  have  ever  seen  applied  to  the  same  purpose,  that 
it  seems  too  perfect  for  a  human  invention,  and  we  attribute 
it  to  some  power  peculiar  to  the  inventors,  and  now  lost, 
just  as  the  Arabs  attribute  Palmyra  to  the  work  of  genii. 
That  this  pile  of  cut  stones,  which  any  mason  could  exactly 
reproduce,  and  which  resembles  no  natural  form,  should  yet 
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and  appear  as  incomplete  without  its  entabolatore,  as  Atlas 
without  his  globe  ; — ^that  this  effisct  shonld  be  produced  aUke 
and  instantly  on  every  speisMor,  may  well  appear,  to  the  on* 
taog^t,  a  sort  of  magic.  But  sneh  effects  are  never  the  result, 
as  commonly  snpposed,  of  a  happy  idea,  an  instant  stroke  of 
g^ns  :  they  thus  touch  in  an  instant,  because  they  contain 
tiie  work  of  years  ;  they  spring  from,  and  are  proportional 
to,  the  amowa  afthougki  which  the  object  embodies,  an4  this 
is  independent  altogeth^  of  the  amount  of  manual  labor  be- 
stowed. A  work  of  elaborate  sculpture,  and  one  of  mere 
masonry,  may  be  exactly  equal  in  this  respect ;  and  when 
either  of  them  strikes  us  with  this  instant  conviction  of  ex- 
cellence, it  is  because  they  contain,  as  it  were,  concentrated 
in  them,  the  thou^  perhaps  of  a  life,  perhaps  of  many  lives, 
the  observation  and  analysis  and  intense  patient  study  of 
ffiony,  directed  ail  in  one  direction,  and  with  a  common  ob- 
ject,— ^the  extrac^on  and  purification  of  some  general  idea 
in  nature,  as  a  metal  is  extracted  by  the  diemist. 

In  the  study  of  nature  f  without  which  the  ardutect  as  well 
as  every  other  artist  can  do  nothing — absolutely  nothing  j  he 
must  also  study  the  commentaries  on  her,  t.  e.,  all  previous 
productions  of  his  art.  All  these  are  so  many  annotations 
on  Nature's  great  and  most  difficult  book  ;  and  he  who  at- 
tempts to  read  her  without  their  assistance,  simply  sets  up 
his  own  wisdom  against  that  of  all  mankind  ;  and  however 
satis&ctory  his  discoveries  may  be  to  himself,  he  may  be  as- 
sured that  they  are  as  old  as  Adam  ;  and  that,  should  he 
have  at  once  the  greatest  genius  and  the  longest  life  ever 
granted,  he  will  still  have  advanced  no  further  than  the  first 
efforts  of  the  art,  which,  pursued  on  this  principle,  would 
funUke  all  other  human  pursuits^  be  never  beyond  its  begin- 
ning. 

It  is  impossible  for  the  designer  to  produce  anything  true 
but  by  the  study  of  nature,  and  it  is  impossible  to  produce 
anything  new  but  by  a  knowledge  of  what  has  been  done  al- 
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xeadj  by  his  predecessors.  Themostor^^iiia/arttBtsoreTerj 
kind  are  always  the  most  extensire  imitators. 

In  architecture  the  number  of  snch  is  indeed  infinite:  and 
while  one  appears  to  hare  seen  no  bnilding  besides  the  Tem- 
ple of  njssns;  another,  nothing  but  the  Erechthenm,  or 
Salisbnry  Cathedral,  or  Henry  the  Serenth's  Ghi^iel*  or  the 
Alhambra;  all  unite  in  condemning  that  architect  in  the 
last  centnry  who  drew  firom  no  source  but  Diocletian's  pa- 
lace, without  perceiving  that  they  are  committing  the  very 
same  capital  error;  for  the  fiondamental  fault  was  not  the 
drawing  from  a  corru^  source,  but  the  drawing  from  ^n^  one 
source. 

The  reader  must  not  suppose  I  am  adrising  any  thing  so 
utterly  wrong  and  contemptible  as  the  miz^vre  of  the  jweatf- 
a/rUiu  of  different  styles.  On  the  contrary,  I  am  insisting 
on  the  imitation  of  what  is  c<Hnmon  to  them,  rather  than 
that  of  what  distinguishes  each.  If  you  say  "  there  is  noth* 
ing  common  to  them  but  waUs  and  a  roof,"  you  betray  that 
you  hare  not  commenced  the  real  study  of  the  art,  which, 
like  that  of  nature  or  of  science,  can  be  carried  on  only  by 
generalization. 

As  in  all  other  arts,  so  in  architecture,  the  value  and  cor- 
rectness of  imitation,  whether  of  Nature  directly,  or  of  Nar 
ture  through  the  medium  of  her  iuterpreters, — ^previous 
artists, — depends  entirely  on  the  breadth  of  generalixation 
accompanying  it;  and  that  which  simply  imitates  without 
generalizing, — that  which  imitates  only  one  model,  though 
even  a  natural  one,  and  ever  so  excellent,  is  not  art  at  «1L 

Connected  with  the  error  that  imitative  art  consists  in  the 
imitation  of  what  is  commonly  called  nature,  t.  e.,  of  particn* 
lar  or  individual  nature,  is  also  the  most  destructive  notion 
that  its  perfection  is  to  "  deceive  the  eye,"  which  is,  in  &ct^ 
the  basest  purpose  to  which  any  art,  or  rather  any  skill  and 
science  originally  amassed  for  the  purposes  of  art,  can  be 
prostituted :  for  it  must  be  observed,  that  no  manual  dexter^ 
^  can  be  called  art;  it  is  only  the  material  collected  for  its 
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«ae,  or  tibe  Imigmige  in  which  H  speaks.  Now,  when  Hob  fa 
mad  in  order  to  deceive  in  any  way,  it  is  as  if  a  man,  who 
had  learned  writing  in  order  to  write  sermons,  shonld  employ 
his  skill  in  commiting  forgery. 

"  For  want  of  this  distinction,''  says  Sir  Joshua,  («. «., 
the  distinction  between  the  art  and  the  mechanical  skiU,) 
"the  world  is  fiUed  with  false  criticism.  Railkelleis  praised 
for  naturalness  and  deception,  which  he  certainly  has  not  ao* 
complished,  and  as  certainly  never  intended."  It  is  the  same 
error  which  leads  the  vulgar  to  think  it  a  beauty  when  the 
figures  of  a  picture  stand  out ''  as  if  you  could  walk  round 
them,''  or  when  painted  decorations,  or  papering,  or  carpets, 
are  shaded  to  appear  [in  a  particular  light]  as  if  carved ;  or 
when  a  building,  or  a  front  of  a  building,  or  any  of  the 
smallest  part  or  member  thereof,  appears  like  any  thing 
which  it  is  not; — a  new  building  Kke.an  old  one  built  in  a 
different  age;  several  little  houses  like  one  palace;  or  one 
property  like  several;  an  essential  part  like  an  ornament,  or 
an  ornament  like  an  essential  part;  a  buttress  likea  colnmut 
an  attic  like  a  pediment,  an  arch  like  a  lintel; — ^to  say  noth- 
ing of  such  gross  frauds  as  making  stucco  look  like  stone,  or 
paint  like  wood. 

The  object  of  all  real  art,  as  of  all  science,  is  to  elicit 
TBUTH ;  but  any  one  who,  fresh  from  nature,  or  from  the 
works  of  other  ages  or  nations,  should  arrive  among  the 
works  of  modern  English  architecture,  would  suppose  its 
whole  aim,  and  that  of  every  detail  in  it,  to  be  deception. 
One  enters  a  building,  perhaps  a  place  of  worship,  that  is 
praised  for  imprete/ndiTig  plainnesSf  and  the  eye  seeks  in  vain 
for  a  smgle  object  on  which  it  can  rest  as  something  real,-— 
for  a  single  feature  that  is  what  it  appears  to  be.  The  plas- 
tered walls  pretend  to  be  built  of  huge  granite  or  marble 
blocks-;  the  flimsy  surface  that  conceals  the  roof,  to  be  com- 
posed of  lacunarisB,  or  stone  coffer-work,  on  a  more  colossal 
scale  than  any  Egyptian  ever  dreamt  of.  A  stove  must  re- 
present an  useless  pedestal,  or,  perhaps,  the  model  of  a  build- 
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ing ;  and  the  deal  fitti]]|(Sy  not  content  with  one  deeqitioii, 
mnst  with  singular  ingennit j  contriye  to  perpetrate  two  at 
once, — ^to  appear  in  substance  like  oak,  and  in  f^rm  like  the 
marble  walls  and  antse  of  a  Greek  temple.  Snch  is  an  «»• 
pretendnig  bnilding.  The  eyil  so  infests  everything  that  meets 
ns  on  whatever  side  we  turn,  that  it  is  hardlj  possible  to  real« 
ise  the  fact,  till  we  tnm  to  the  works  of  other  ages  or  distant 
nations,  that  all  this  is  mmecessary,  that  there  may  be,  and 
over  most  of  the  world  u,  and  every  where  has  been,  architeo- 
tore  wrraouT  decbftion, — ^not  without  this  or  that  kind  of  it, 
but  absolntely  without  ant.  Such  is  the  atmosphere  of  it  in 
which  we  are  plunged,  that  we  can  hardly  fancy  such  a  thing 
as  its  absence  ;  and  we  actually,  on  mentioning  it,  are  met 
by  such  questions  from  intelligent  and  otherwise  well-inform- 
ed persons,  as  "  What  is  the  use  of  paint,  if  not  to  imitate 
other  things  ?"  Grown-up  meu  actually  require  to  be  told 
that  paint  is  a  durable  and  smooth  coating  for  perishable  or 
rough  surfaces,  either  to  preserve  them,  or  by  its  smoothness 
repel  dirt,  or  to  replace  their  natural  color  by  one  more 
pleasing  or  fitter  for  their  situation  ;  or  lastly,  to  adorn  their 
surface  by  varied  color  or  beautiful  forms.  These  are  the 
uses  of  paint,  and  they  give  vast  scopes  for  design  and  taste, 
but  have  no  more  to  do  with  imitation  or  deception  than  the 
skin  of  an  animal  or  plant  has.  Does  the  skin  or  bark  imi- 
tate flesh  or  wood  ?  What  possible  reason  then  can  there 
be  for  stucco  or  paint  to  represent  anything  but  stucco  or 
paint  7  They  never  represent  anything  else  in  the  works  of 
the  Greeks,  Romans,  Gothicists,  or  Arabs ;  and  when  we 
want  more  ornament  than  is  found  in  their  works,  it  will  be 
time  enough  to  look  for  a  method  not  practised  by  them. 

Buskin,  who,  though  falling  into  my  dangerous  fallacies, 
has  truly  treated  on  this  subject,  says — "  It  is  very  necessary 
in  the  outset  to  mark  clearly  wherein  consists  the  essence  of 
fallacy  as  distinguished  from  supposition  :  for  it  might  be  at 
first  thought  that  the  whole  kingdom  of  imagination  was  one 
of  deception  also.     Not  so  :  the  action  of  imag^ation  is  a 
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Tohmtaiy  suDinoiiiDg  of  the  oooceptioos  of  tUngs  abient  or 
impossible  ;  and  the  pleasure  and  nobility  of  the  imagination 
partly  consists  in  its  knowledge  and  contemplation  of  them 
as  such,  t,  e.f  in  the  knowledge  of  their  actual  absence  or  im- 
possibility at  the  moment  of  their  apparent  presence  or  reali- 
ty. When  the  imagination  deceives,  it  becomes  madness. 
It  is  a  noble  faculty  so  long  as  it  confesses  its  own  ideality  ; 
when  it  ceases  to  confess  this,  it  is  insanity.  All  the  differ- 
ence lies  in  the  fact  of  the  confession,  in  there  being  no  de- 
ception It  is  necessary  to  onr  rank  as  spiritual  creatures 
that  we  should  be  able  to  inyent  and  to  behold  what  is  not ; 
and  to  our  rank  as  moral  creatures,  that  we  should  know  and 
confess  at  the  same  time  that  it  is  not. 

"  Agam,  it  might  be  thought,  and  has  been  thought,  that 
the  whole  art  of  painting  is  nothing  else  than  an  endeavor  to 
deceive.  Not  so:  it  is,  on  the  contrary,  a  statement  of  cer* 
tain  (acts  in  the  clearest  possible  way.  I  desire  to  give  an 
account  of  a  mountain  or  of  a  rock:  I  begin  by  telling  its 
shape;  but  words  wUl  not  do  this  distinctly,  and  I  draw  its 
shape,  and  say,  ''  This  was  its  shape."  Next,  I  would  fain 
r^resent  its  color:  but  words  will  not  do  this  either,  and  I 
dye  the  paper,  and  say,  "  This  was  its  color."  Such  a  pro- 
cess may  be  carried  on  until  the  scene  iqL>pears  to  exist,  and 
a  high  pleasure  may  be  taken  in  its  apparent  existence. 
Tlus  is  a  communicated  act  of  imagination,  but  no  lie:  the 
lie  can  consist  only  in  an  a4teriion  of  its  existence,  [which  is 
never  for  one  instant  made,  implied,  or  believed,]  or  else  in 
false  statements  of  forms  or  colors  [which  are  indeed  made 
and  believed  to  our  great  loss  continually.]  And  observe 
also,  that  so  degrading  a  thing  is  deception,  in  even  the  ap- 
proach and  appearance  of  it,  that  all  painting  which  even 
reaches  the  mark  of  f^arent  realization,  is  degreed  in  so 
doing.        **4t4t**4t4t 

"  The  violations  of  truth  which  dishonor  poetry  and  paint- 
ing are  thus,  for  the  most  part,  confined  to  the  treatment  of 
tlieir  subjects  :  but  in  architecture,  another  and  a  less  subtle, 
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more  contemptible  yiolation  of  tnith,  is  possible  ;  a  direct 
falsity  of  assertion  respecting .  the  nature  of  material,  &c. ; 
*  *  and  this  is,  in  the  fullest  sense  of  the  word,  wrong  ; 
Jt  is  as  tmlj  deserving  of  reprobation  as  any  other  moral 
delinqnency ;  it  is  unworthy  alike  of  architects  and  of 
nations  ;  and  it  has  been  a  sign,  wherever  it  has  widely  and 
with  toleration  existed,  of  a  singular  debasement  of  the  arts : 
that  it  is  not  a  Sign  of  worse  than  this,  of  a  general  want  of 
severe  probity,  can  be  accounted  for  only  by  our  knowledge 
of  the  strange  separation  which  has  for  some  centuries 
existed  between  the  arts  and  all  other  subjects  of  human 
intellect,  as  matters  of  conscience.  This  withdrawal  of 
conscientiousness  from  among  the  faculties  concerned  with 
art,  while  it  has  destroyed  the  arts  themsdves,  has  also  rendered 
nugatory  the  evidence  which  otherwise  they  might  have 
presented  respecting  the  character  of  the  respective  nations 
among  whom  they  have  been  cultivated  ;  otherwise  it  might 
appear  strange  that  a  nation  so  distinguished  for  its  general 
nprightness  and  faith  as  the  English,  should  admit  in  their 
architecture  more  of  pretence,  concealment,  and  deceit,  than 
any  other  of  this  or  past  time." — "  Seotn  Lamps  of  Ardd- 
<erfw<'  II.   "  TruthP 

It  will  be  asked,  perhaps,  "  Must  we  not  turn  the  best  side, 
outwards,  then  J^  Certainly,  this  is  an  important  part  of  the 
courtesy  of  building.  It  Is  a  mark  of  respect  due  to  all  who 
see  your  work,  to  turn  them  its  best  side  ;  but  it  is  still  more 
important  to  do  so  honestly, — ^to  proclaim  at  the  same  time 
"  This  is  my  best  side."  Herein  consists  the  whole  difiFerence 
between  the  incrustations  of  mean  materials  with  richer  ones, 
practised  in  times  and  places  of  good  taste,  and  in  those  of 
bad.  The  covering  of  a  poor  or  unsightly  material  with  a 
better,  does  not  necessarily  lead  to  deception,  or  any  thing 
of  the  sort.  Many  churches  in  Italy  are  said  to  be  verieered 
with  marble  ;  that  is,  thin  slabs  of  marble  are  let  in  and 
confined  by  surrounding  bands  of  stone,  as  the  metopes  of  a 
Doric  temple  by  the  triglyphs,  or  as  panels  are  confined  in 
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joinery.  There  is  no  deception,  the  whole  ahows  plainly 
what  it  is, — a  sonnd  piece  of  constraction  held  together  not 
by  cement,  but  by  obvious  mechanical  arrangement ;  and  the 
marble  slabs  pretend  to  be  nothing  more  than  skbs, — 
beantifnl  natural  objects  placed  there  for  ornament  or  clean- 
liness, and  not  for  deception. 

When  an  external  film  is  of  a  totally  different  nature  from 
the  substance  beneath,  the  form  will  often  inform  us  that  this 
external  substance  cannot  be  that  of  which  the  whole  is  con^ 
posed,  and  thus  there  will  be  no  deception.  This  is  the  reason 
that  gilding  is  no  dece^ion  when  not  applied  to  metals.  We 
can  no  more  mistake  a  gilded  stone  or  plaster  ornament  for 
one  of  gold,  than  a  stone-colored  metallic  object  for  one  of 
stone,  because  the  peculiar  mechanical  properties  of  a 
malleable  metal  would  prevent  its  ever  being  made  into  the 
same  form  as  stone  or  plaster  (unless  for  deception).  Metals, 
woods,  and  brittle  materials  are  known  from  each  other, 
independently  of  color,  by  the  three  characters  of  form  to 
which  their  respective  properties  lead.  Hence  gilding  can 
never  deceive  except  upon  metah ;  and  upon  these  we  shall 
accordingly  never  find  it  applied  in  times  of  good  taste, — at 
least,  never  as  a  total  covering. 

In  colored  decoration  on  flat  surfaces,  all  shadowing  (t.  e., 
representation  of  the  effect  of  solidity  and  relief^  is  a  direct 
falsehood,  whether  it  deceive  or  not.  But  observe  the  differ- 
ence between  decoration  and  picture.  A  picture  (whether 
with  or  without  background^  is  one  thing,  an  independent 
whole,  distinct  from  aU  surrounding  things,  and  therefore 
requiring  to  be  separated  from  them  by  a  frame  or  border 
Ceither  painted  or  in  relief  J;  but  whatever  has  no  frame  is  no 
pictwre  ;  it  is  decoration,  and  comes  under  a  different  principle 
of  design  altogether,  being  not  a  whole  but  a  part.  Now, 
decoration  is  of  two  kinds,  consisting  either  of  forms  in  re- 
lief, or  of  colors  on  the  flat ;  but  the  latter  is  given  up,  and 
loses  its  separate  existence  if  it  attempt  to  ape  the  former  ; 
we  have  no  longer  two  kinds  of  decoration,  but  only  one, 

16 
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viz.  earring  and  sham-earring.  Bat  yon  say,  tlie  flovers  are 
Qgly  without  shading,  and  tiiat  if  they  are  imitated  at  all, 
why  may  not  their  shades  be  imitated  f  Here  we  come  to 
the  root  of  the  whole  fallacy.  You  have  no  husinius  with 
imitated  JlotDers,  in  the  Tulgar  acceptation  of  imitated,  i.  e., 
copied  ones.  Their  plaoe  is  in  pictnre,  not  decoration.  No 
natural  flower  is  fit  or  beautiful  in  decoration  ;  if  it  were,  it 
would  not  be  fit  or  beautiful  in  nature.  The  notion,  at 
present  very  common,  that  natural  (i.  e.,  particular^  flowers 
should  be  imitated  in  decoration,  is  most  false  and  unnatural. 
No  one  thing  in  nature  is  natural  enough  for  decorative  use. 
This  art,  like  architecture,  must  generalize, — must  copy  not 
a  natural  form,  but  a  natural  idea.  Its  flowers  are  as  false, 
when  copied  from  single  natural  models,  as  columns  would  be 
if  copied  from  a  single  natural  lunb.  In  the  whole  of  the 
works  of  those  who  used  the  most  ornament,  and  (bj  universal 
consent^  the  hest,  viz.,  the  Greeks,  Romans,  Gothicists,  and 
Arabs,  we  may  challenge  the  production  of  one  example 
f  except  in  times  of  acknowledged  debasement  j  of  what  are 
called  natural  flowers,  that  is,  sham  flowers. 

If  you  say  shadowings  produce  boldness  and  (if  properly 
treated^  breadth  of  effect,  so  do  masses  of  dark  col(»rs,  with- 
out deception,  equally  well ;  for  proof  of  which,  you  are  re^ 
ferred  to  all  the  designs  of  the  above  schools,  without  ex- 
ception. Decorative  designers  seem  to  produce  feyr  forms 
not  drawn  from  those  exhaustless  sources  :  it  is  to  be  wished 
they  would  copy  some  of  Hkdir  principles. 

Much  sth*  has  been  made,  of  late,  about  our  inferiority,  in 
all  matter  of  taste,  to  neighboring  nations,  who,  however,  are 
rapidly  descending  to  our  level ;  but  this  stir  is  utterly  vain 
among  a  people  with  whom  art  means  deceit.  Until  we  can 
be  taught  that  notUng  is  beautiful  which  is  not  trub,  we 
shall  find  taste  a  jewel  beyond  the  reach  of  all  the  nation's 
wealth  to  buy,  and  of  all  her  power  to  win. 

Sometimes  the  truth  of  particular  numbers  most  be 
Bacrificed  to  that  of  the  whole,  as  in  Gothic  architecture  of 
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tiM  purest  kind ;  in  which  the  smallefit  corerings  or  heads  to 
openings,  though  not  constructed  on  the  arch  principle,  are 
neyertheless  made  to  resemble  arches,  in  order  to  carry  ont 
the  chief  generat  truth  of  that  style,  which  is  (trtuation,  or  the 
exclnsiye  nse  of  this  mode  of  coyering  openings  and  spaces. 

GoNSTRUcnvs  Trcth  and  CoNSTRXTcrmB  UNrrr  are  the  two 
most  important  principles  to  be  borne  in  mind,  in  tracing  the 
history  of  architectore,  and  are  indispensable  in  any  attempt 
to  riyal,  or  eyen  understand,  the  productions  of  the  two 
standard  or  perfected  systems  which  the  world  has  hitherto 
seen, — ^the  Greek,  and  that  commonly  called  the  Oothic. 

CoNSTKUcnvK  Tbuth  requires  that  a  building  shall  neyer 
appear  to  be  constructed  on  different  statical  principles  from 
those  really  employed  in  its  construction.  7^  whoU  of  nudem 
Gothic  architecture  is  a  eonstructivt  fahekood^  because  it  will 
presently  be  shown  that  all  the  peculiarities  of  this  style 
grew  from  the  practice  of  constructing,  within  buildings,  a 
yaulted  ceiling  of  stone,  and  were  solely  adapted  to  a  build- 
ing with  such  a  ceiling.  Consequently,  when  applied  to  a 
building  not  so  ceiled,  the  style  must  either  be  made  useless 
and  meaningless,  by  copying  only  its  forms  without  a  motive; 
or  else,  if  correctly  copied  (i.  e,,  preserying  the  apparent 
motiye,  either  externally  or  internally,  or  both),  it  must  then 
appear  feither  externally  or  internally,  or  both j  to  haye 
a  yaulted  ceiling,  which  it  has  not  ;  and,  in  either  case,  the 
whole  must  be  a  lie  from  the  foundation  to  the  finials. 

CoNSTRUcTrvE  XJinTT  is  a  principle  no  less  important  than 
any  other  unity,  and  bears  an  especial  analogy  to  unitf  of 
styU,  being  in  fact  the  same  thing  in  construction  as  the  lat- 
ter in  decoration.  I  assume  that  no  one  disputes  the  neces- 
sity of  an  uniform  style  of  ornament  throughout  the  same 
building.  Now,  construction  is  a  more  important  thing  than 
ornament,  and  has  more  relation  to  the  higher  excellences 
of  the  art.  Architectural  beauty  is  not  mere  beauty  of 
form,  mere  eumorphy;  if  it  were  so,  a  beautiful  form  would 
be  beaatiM  whereyer  exhibited,  in  a  pepp^-box  or  a  tower. 
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a  balustar  or  a  colnnm.  In  all  the  more  important  featores 
[indeed  all  but  the  merest  ornaments,]  the  beauty  of  absfaract 
form  is  to  be  sacrificed  to  that  of  statical  fitness;  but  in  or- 
der that  this  may  be  seen  or  appreciated,  it  is  necessary  that 
the  yarions  pres$v/res  be  perceived,  or  a  part  of  them,  to 
which  part  the  members  may  be  seen  to  be  fitted.  Conse- 
quently, if  it  be  necessary  that  the  treatment  of  geometrical 
forms  be  consistent  throughout,  it  is  far  more  necessary  that 
the  treatment  of  these  pressurtf  or  of  the  displayed  portions 
of  them,  be  consistent  throughout. 

Now,  there  are  three  distinct  modes  of  treating  the  pres- 
sures of  a  building  ;  or,  in  other  words,  three  styles  of  con- 
strudion.  They  are  all  mixed  indiscriminately  in  every  mod- 
ern building;  but  it  is  the  peculiar  merit  of  the  two  hitherto 
perfected  architectural  systems,  the  Greek  and  the  Gothic, 
that  in  the  pure  examples  of  each,  only  one  of  these  modes 
of  construction  was  seen.  This  is  what  distinguishes  those 
two  styles  from  all  others,  and  the  pure  period  of  each  from 
preceding  and  following  periods, — amstrucHve  unity. 

Perhaps  I  should  rather  call  it  unity  of  statical  design  ;  for 
the  actual  construction  has  never,  except  in  Egypt,  been  ab- 
solutely pure  throughout :  but  a  portion  of  the  construction 
is  unavoidably  hidden  in  every  artificial  structure,  as  it  is 
even  in  every  natural  one. 

The  three  styles  of  statical  design  were  well  pointed  out 
in  the  very  useful  work  of  the  late  A.  Bartholomew.*  They 
depend  on  the  three  modes  of  apply^'og  force  to  solids,  by 
cross^train,  by  compression^  by  tension  These  are,  of  course, 
familiar  to  the  reader  who  has  looked  into  the  rudiments  of 
constructive  science,  to  be  found  in  several  of  the  volumes 
of  this  series. 

The  first  and  simplest  mode  of  construction,  that  employ- 
ed by  all  barbarous  and  infant  nations,  is  the  only  one  which 
subjects  materials  to  cross-strain^  the  most  wasteful  mode  of 
employing  their  strength.     The  method,  however,  may  per- 

•  **  SpeelfleatioiM  for  Pniettoal  AreUteeture,'*  fto. 
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baps  be  described  in  the  most  general  t^ms  as  that  of  vertir 
eel  pressu/re,  because  all  the  pressures  thronghont  the  bnild- 
ing  are  wholly  in  their  natural  direction,  Tertically  down- 
wards; and  for  this  purpose  all  the  continnous  joints,  or 
beds,  thronghont  the  structure  are  made  harizonkU,  and  all 
the  interrupted  Joints  verHeal.  All  openings  are  corered 
without  any  deviation  from  this  rule,  by  laying  a  beam,  lin- 
t^  or  architrave  across  from  pillar  to  pillar,  resting  on  the 
flat  tops  of  both;  and  all  ceilings,  whether  in  stone  or  wood, 
are  formed  by  an  extension  of  the  same  method:  the  roof 
framing,  being  concealed  both  from  the  exterior  and  interior, 
forms  no  part  of  the  design,  and  by  the  Greeks  it  was  prob- 
ably constructed  on  the  third  method — ^that  of  tension. 

During  the  prevalence  of  this  first  constructive  style  in 
its  purity,  every  obUqw  pressure  was  excluded,  as  contrary  to 
the  principles  of  sound  architecture.  The  introduction  into 
architecture,  however,  by  the  Etruscans  and  Romans,  of  the 
new  constructions  called  tiie  dame,  arch,  and  vauU,  all  de- 
pending on  oblique  pressure,  gradually  destroyed  the  consis- 
tency of  this  first  architectural  system,  the  forms  of  which, 
owing  to  the  intrinsic  beauty  imparted  to  them  by  the  Greek 
genius,  were  not  readily  abandoned,  but  continued  to  linger 
on,  though  more  and  more  debased  in  geometric  beauty,  and 
forming  harsher  and  harsher  Incongruities  with  the  new  con- 
structions, till,  in  the  eleventh  and  twelfth  centuries,  the 
great  extent  of  church  building,  and  the  desire  to  render 
these  structures  fire-proof,  led  to  the  extension  of  the  arch 
I^ciple  to  the  covering  of  all  openings,  and  the  ceiling  of 
ILL  areas,  and  from  that  moment  architecture  took  a  new 
turn.  From  the  tnvejUion  of  the  arch  till  the  rejection  of  the 
beam  (a  period  of  about  fifteen  centuries,)  every  change  had 
been  for  the  worse;  the  whole  history  of  the  art  was  debase- 
ment, from  the  progressive  loss  of  constructive  consistency. 
2^  beam  was  r^&cted,  (at  least  in  north-western  Europe,) 
and  immediately  aU  was  pwrifuation  and  rapid  return  to 
unity 
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The  forms  deriyed  from  Gfeeoe,  but  by  this  time  bo  d» 
crepit  as  to  retain  little  restige  of  their  ori^^al  beauty,  were 
now  gradually  abandoned,  and  ererything  old  (except  first 
principles)  sacrificed  to  the  new  idea;  and  so  rapid  was  the 
progress,  that  by  the  year  1250  in  Germany,  and  by  1300 
in  England,  the  nnity  of  the  new  system  wa0  established  i 
and  now  let  ns  see  in  what  consisted  this  unity. 

The  second  system  of  statical  design  consisted  in  the  com- 
plete avoidance  of  eross-iirain,  and  in  the  subjecting  of  the 
materials  throughout  the  whole  of  theyisible  oonstmction  to 
forces  of  compression  alone.  It  may  therefore  perhaps  be  best 
termed  the  Compressik  System.  In  OTder  to  ^ect  this,  the 
pressures  can  no  longer  be  every  wh^re  vertical;  and  as  itis 
a  most  important  point  in  construction  that  the  continuous 
joints,  or  beds,  should  be  as  nearly  as  possible  perpendicular 
to  the  pressures  acting  on  them,  these  joints  are  no  longer 
mdversally  horizontal,  but  inclined  in  various  directions,  and 
diould  have  been  so  to  a  greater  extent  than  the  Oothicists 
practised.  Indeed,  there  would  be  much  room  for  the  im- 
provement of  that  system  by  the  introduction  both  of  mod- 
etn  sdence  and  of  a  larger  portion  of  Greek  taste  (of  which 
it  nevertheless  retained  a  good  deal  in  its  best  productions.)'^ 
But  imperfectly  as  the  Gothic  aim  was  carried  out  in  con- 
struction, and  often  also  in  decoration,  it  was  completely  ao- 
compHshed  in  statical  design,  i.  «.,  throughout  the  visible  con- 
struction there  was  no  portion  of  matter  subjected,  as  far  as 
the  eye  could  judge,  to  any  other  force  than  simple  compres- 
sion. When  this  is  the  case  [and  not  otherwise]  a  building 
maybe  termed  completely  Gothic;  being  complete  in  its 
statical  design.  The  geometrical  design  is  another  point, 
quite  independent  of  this,  and  is  reducible  mainly  to  the  cor- 
rect positing  and  subordination  of  the  five  classes  of  forms 
mentioned  in  our  last  chapter;  a  principle  equally  necessary  in 
every  style.    A  building  may  be  perfect  in  its  statical  design, 

*  Of  eoDTM  I  do  not  mma  Qn6kjbrma,  the  emaacipation  from  whSoh  luul  be«l 
u  MMntlal  pMTt  of  the  liormation  of  the  new  ■TBtam. 
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wlule  it  18  extremely  &iiltj  in  the  geomefxical,  as  was  the 
case  with  nearly  all  the  bnfldings  of  Egypt. 

The  Oothidsts,  like  the  Greeks,  employed  a  tensile  con- 
stmction  in  the  roof  framing,  that  being  in  both  systems  in- 
visible either  from  the  exterior  or  interior.  Nor  was  this 
concealment  any  defect;  for,  as  Bnskin  has  obserred,  "the 
^hitect  is  not  lamid  to  exhibit  constmction:"  still  less  can 
he  be  bound  to  exhibit  the  whole  of  it,  to  do  what  nature  has 
never  done.  He  may  conceal  as  much  as  he  likes,  bat  may 
not  disguise  any.  None  need  appear,  but  that  which  does 
appear  mnst  be  true. 

After  its  culmination,  the  Gothic  system  gradually  de- 
clined, from  the  progress  of  a  variety  of  falsehoods,  of  which 
some  were  general  to  the  whole  of  the  countries  in  which  it 
flomidied;  others  confined  to  France  or  Germany,  or  Eng- 
land, or  the  Netherlands.  It  is  not  the  place  to  enumerate 
them  here,  but  to  observe  that  one  of  the  chief  causes,  espe- 
cially in  England,  was  the  superseding  of  stone  by  timber  in 
many  parts,  particularly  ceilings,  and  the  consequent  exten- 
sion of  the  style  of  construction  best  adapted  to  this  mate- 
rial, which  is  the  third  style  already  twice  alluded  to,  viz., 
i^e  tensile. 

In  the  compressile  system,  all  apertures  and  spaces  were 
covered  on  the  arch  principle,  and  the  oblique  pressures  thus 
occasioned  were  transmitted  down  to  the  ground  by  masses 
of  material  called  buttresses  or  ahutments.  But  this  is  not  the 
most  economical  mode  of  treating  the  said  pressures  when 
we  have  materials  of  great  length  and  strong  in  tension^  as 
timber  and  iron.  The  more  obvious  and  less  wastefdl  mode 
is  tying  the  two  feet  of  the  arch  together  by  a  bar  of  one  of 
these  materials,  thereby  counteracting  the  horizontal  portion 
of  the  oblique  pressures,  and  leaving  only  their  vertical  por- 
tion to  press  on  the  two  supports,  as  the  original  beam  or 
lintel  of  the  first  style  did,  and  render  all  buttressing  from 
without  unnecessary.  Instead  of  the  arch,  an  arrangement 
of  two  or  more  bars  or  timbers  may  be  substituted,  and  thus 
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arise  the  rarions  kinds  of  trusSf  whose  perfection  consists  in 
haying  no  part  subjected  to  cross-strain,  bnt  eyery  part  either 
to  direct  compression  or  direct  tension. 

This  third  constractive  system  combines,  in  a  certain  de- 
gree, the  advantages,  and  avoids  the  defects,  of  both  the 
others:  for  all  its  active  pressures  are  vertical,  as  in  the  first 
style;  and  yet  it  avoids  all  cross-strain,  like  the  second.  It 
saves  all  the  waste  of  material  [not  conducive  to  strength] 
in  the  lintels  of  the  former  style,  and,  also,  aU  the  material 
of  the  buttresses  in  the  latter. 

Bnt,  though  there  are  three  styles  of  construction,  there 
have  been  only  two  systems  of  architecture, — only  two  styles 
posseasmgctmstructivewmty — ^the  Greek  and  the  Gothic.  The 
third  constructive  principle  has  yet  to  be  elaborated  into  a 
system.  The  two  systems  are  past  and  dead ;  we  may  admire 
the  fading  vestiges  of  their  loveliness,  bnt  can  never  revive 
them.    The  third  is  the  destined  architecture  of  the  future. 


CHAPTER  V. 


Application  of  the  Foregoing  Principles  to  Trabeated  or  Beamed 
Building  by  the  Checian  Architects. 

Though  the  first  style  of  construction  was  the  most  un- 
scientific and  wasteful,  both  of  material  and  of  space,  yet  did 
it  produce  the  most  durable  buildings,  and  also  the  most 
grand  and  noble  artistic  eflfects.  The  durability  arose  partly 
from  the  great  masses  employed,  because  it  required  long 
and  strong  lintels  to  span  the  openings,  and  allow  those 
openings  to  be  as  wide  as  possible;  and  thus  a  correspondent 
size  and  massiveness  of  stones  was  needed  throughout.  It 
also  arose  from  the  absence  of  oblique  pressures,  whereby 
every  stone  became  independent  of  those  above  or  beside  it 
for  support,  so  that  no  dilapidation  of  the  upper  parts  could 
[as  in  arched  buildings]  endanger  any  thing  beneath.  To 
these  reasons  may  be  added  the  exact  perpendicularity  of 
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erery  pressiore  to  ihebed  [orhorizont^  Joint]  receivnig  it, — 
an  ezoellenoe  that  can  neyer  be  perfeetUf  attained  in  the  in- 
elined  beds  of  arched  buildings,  however  exact  may  be  the 
calcolations  of  the  engines;  and,  indeed,  is  never  attemptr 
ed.  Lastly,  the  ambitions  nations  who  best  practised  this 
mode  of  bnilding,  gave  it  a  great  excess  of  solidity,  calcula- 
ted to  withstand  even  earthquakes,  and  not  without  success. 

The  uniiyalled  grandeur  and  majesty  attainable  by  the 
same  style  of  construction,  when  properly  treated,  arose 
partly  from  this  same  excess  of  soJidity;  partly  from  the 
bold  projections  rendered  possible  by  the  largeness  of  the 
stones;  partly  from  the  sublime  repose  of  a  structure  whose 
pressures  axe  all  verHeai,  no  side-thrusting,  no  action;  but 
ckieflf  from  the  recta/agularily  of  the  openings  or  principal 
divisions,  rendering  possible  the  most  perfect  subordination 
of  the  other  classes  of  form,  or  the  omission  for  reduction  to 
any  extent^  of  the  lighter  cksses,  and  the  use  of  the  grave 
classes  in  minor  details. 

In  the  practice  of  this  system  by  the  Egyptains,  there  was 
perfect  constructive  unity,  not  only  in  the  visibkf  but  in  the 
vAoU  c<ni8truction;  all  of  which  indeed  was  seen,  for  (the 
abnost  rainless  climate  rendering  pent-roofs  unnecessary  j  the 
only  covering  was  a  flat  stone  ceiling.  But  this  absence  of 
hidden  construction  was  no  merit  ("being,  in  fact,  unnatural  J, 
and  whatever  other  merits  the  Egyptian  works  had  were 
counteracted  by  two  grievous  faults, — i/nattention  to  the  mlh 
ordination  of  the  five  dosses  of  forms^  and  complexity,  or 
vUer  absence  of  umty  in  the  general  design,  even  of  temples, 
the  fabrics,  of  all  others,  requiring  the  most  of  that  unity. 

The  unity  of  statical  design,  then,  in  the  Greek  structures, 
was  nothing  new  or  peculiar  to  them.  Their  excellence  con- 
sisted in  the  addition  to  this  of  the  two  principles  above 
mentioned;  and  of  these  we  will  consider,  firsts  the  unity  of 
general  design. 

The  feeling  which  led  to  the  use  of  the  gravest  class  of 
form,  in  all  principal  arrangements,  having  decided  the  gene* 
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nJ  plan  to  be  rectangular,  it  might  at  first  be  tbongbt  that 
a  s^[uevr€  would  embodj  the  most  perfect  idea  of  nmtj;  and 
there  are  not  wanting  examples  of  this  plan  in  the  naye  of 
temples  without  peristyles,  as  in  the  great  temple  of  Ceres, 
at  Elensis,  and  the  verj  small  Ionic  one  existing  in  Stuart's 
time,  on  the  Iljssus,  the  cell  of  which  was  a  perfect  cube.* 
But  wh^  that  beautiful  and  sublime  change  was  made,  of 
carrying  the  colonnade  entirely  round,  making  all  the  sides 
alike  in  character,  all  equally  ornate,  all  equally  impossible 
to  appear  flat  and  blocldsh,  eren  at  the  distance  of  miles, — 
then  the  squareness  of  general  plan  was  invariably  given  up 
for  an  oblong  at  least  twice  as  long  as  its  breadth,  generally 
somewhat  more.    What  was  the  reason  for  this  ?    A  square 
per^>teral  building  would  have  led  to  a  doubt,  on  approach- 
ing it,  which  of  the  two  visible  sides  was  the  entrance  front. 
Unless  both  were  alike,  the  fourfold  symmetry  would  be 
sacrificed;  but  if  both  were  alike,  both  must  be  entrances,  oi 
appear  to  be  so  (as  in  the  graceful  work  of  Palladio,  above 
mentioned  j.    Now  the  appearance  of  only  one  entrance,  and 
the  instant  discovery  thereof,  was  evidently  amost  important 
part  in  that  unmatched  expression  of  unity  at  which  the 
Greeks  aimed,  and  alone,  of  all  the  nations  in  the  world, 
attained.    Though  there  were  often  two  entrances,  being 
placed  at  each  end,  only  am  was  visible  in  any  possible  view 
of  the  building.    But  this  was  not  enough  ;  the  distinct 
statement  that  there  was  no  entrance  in  the  side,  required 
that  (when  it  had  a  colonnade)  there  should  be  a  column  in 
its  centre,  consequently  an  odd  number  of  them  ;  while  the 
entrance  front  required  an  opening  in  the  centre,  and  there- 
fore an  even  number  of  columns.    Now,  if  the  difference  had 
been  made  small,  (eight  columns  in  front,  and  nine  in  flank, 
for  instance,)  the  whole,  if  not  square,  would  have  appeared 
as  though  intended  to  be  square  ;  and  if  really  square,  the 

*  Srmbolie  of  perfection,  as  we  nee  by  Seriptual  tezta^^Einge  ri.  SO;  Bar.  zzl 
10.  In  ftU  the  meairamnfinta  of  the  temple  no  euhe  ocean  but  that  of  the  "moat 
Mjrplaoa" 
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.doser  placing  of  the  columns  on  one  side  than  the  other, 
would  hare  destroyed  all  the  perfection  and  symmetry  of 
that  form  ;  and,  in  either  case,  the  idea  conveyed  would  be 
that  of  a  blundering  attempt  at  squareness.  Abandoning 
this  form,  therefore,  the  architects  adopted  as  their  funda- 
mental form  the  next  most  perfect  for  regular)  rectangle, 
viz.,  a  dauhle  square. 

That  cTery  temple  fezcept  that  piece  of  barbaric  pomp  at 
Pahnyra^  should  present  its  narrower  face  as  the  front,  is 
referred  by  Papworth*  to  the  avoiding  all  approach  to  $how^ 
or  displaying  itself  to  the  best  advantage, — a  very  noble 
idea,  and  one  which  doubtless  operated  both  with  the  Greeks 
and  their  nearest  followers,  the  Oothicists.  But  it  may  be 
observed,  that  there  is  a  less  refined  reason,  which  has  led 
all  nations  (probably,  without  exception,)  to  make  the  axis 
of  symmetry  in  their  temples  longitudinal,  and  in  their  palaces 
transverse;  the  temple  being  always  entered  from  its  end,  and 
the  palace  from  its  side.  The  latter  being  divided  into  many 
apartments  requires  the  entrance  in  that  place  which  will 
most  readily  communicate  with  them  all,  i.  e.  as  near  the 
centre  as  possible;  but  the  temple  being  a  single  room  will 
have  the  best  effect  when  the  eye  on  entering  can  embrace 
the  largest  portion  of  it  at  once,  for  it  is  impossible  ever  to 
see  the  whole  interior  even  from  a  comer,  because  the  eye 
cannot  receive  distinct  impressions  over  a  circle  of  the  retina 
more  than  45°,  or  at  the  utmost  60°,  in  diameter.  Now  by 
taking  two  lines  fixed  at  this  angle,  a  folding  rule,  for 
instance,  and  laying  it  on  the  plan  of  any  room,  you  will 
find,  by  moving  it  about,  that  position  in  which  they  include 
the  greatest  portion  of  the  area;  and  it  will  be  found  that 
the  more  an  oblong  room  deviates  from  the  square,  the  more 
of  it  can  you  thus  see  at  once;  and  that,  when  the  room  is 
a  double  square,  or  longer,  the  best  position  for  the  point  of 
view  is  the  centre  of  an  end;  and  the  worst  is  the  centre  of 

•  la  th«  Meellent  Xsmj  on  Oredaii  Arehitoctare,  prefixed  to  bis  edition  of  9t 
W.  Cluunben,  to  which  I  owo  mach  a^nlstuioe  in  thia  inqnlix 
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a  side,  (in  which  place  the  great  temple  at  Palmyra  is  en- 
tered, j  The  general  use  of  the  former  place,  therefore,  in 
ancient  (as  well  as  Gothic^  temples,  is  a  sacrifice  d  external 
show  to  internal  effect. 

It  may  here  be  remarked,  that  the  nave  of  the  Greek 
temples  was  not  that  gloomy,  naked  cell  that  some  imagine; 
neither  was  it  confined  to  the  priests,  bnt  open  to  all.  To 
Fergnsson  is  dne  the  merit  of  first  elucidating  how  it  was 
roofed  and  lighted.  His  theory  bears  internal  endence  of  its 
truth,  being  the  most  perfect  mode  of  lighting  erer  employed, 
yiz.,  by  what  we  call  in  England  a  clerestory,  but  vnthcut  amf 
other  windows  hdow.  There  is  an  example  of  it  at  St.  Gene- 
vieve, Paris.  The  Greek  clerestory  did  not  rise  above,  or 
in  any  way  break,  the  simple  out-planes  of  the  roof,  while  it 
varied  their  otherwise  too  monotonous  surface.  The  notion 
that  most  Greek  temples  were  open  courts,  or  (to  use  this 
writer's  words)  a  "  a  sham  temple,"  "  a  colonnade  and  dead 
wall  surrounding  nothing,''  is  beneath  notice. 

Bnt  with  all  the  precautions  for  external  utility,  it  would 
still  have  been  imperfect  but  for  the  one  crowning,  all-includ- 
ing feature— the  roof,  with  its  one  ridge  and  one  pediment 
fonly  one  being  possibly  visible  at  once.)  On  this  point, 
Papworth  observes, — "Towards  obtaining  this  unity  of 
effect  and  character,  the  combining  quality  of  the  roof  is 
obviously  necessary  in  the  Greek  temple;  it  combines  in  one 
span  the  cell,  the  portico,  and  the  peristyle,  without  which 
they  would  be  viewed  as  parts  merely,  and  to  which  the  steps, 
or  base  supporting  the  whole,  greatly  contribute. 

"  To  complete  this  unity  of  effect,  only  one  approach  waa 
obvious  under  any  view  of  the  building;  indeed,  so  carefully 
was  this  principle  attended  to,  that  on  the  flanks  of  the  edifice 
the  spaces  were  arranged  in  even  numbers,  so  that  a  column 
was  placed  in  the  middle  of  its  length,  and  not  an  inter- 
colunmiation,  while  the  actual  approach  was  always  decidedly 
indicated  by  a  central  opening  in  the  portico,  and  by  the 
centre-marking  character  of  the  pediment." 
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The  base  above  alluded  to  was  always  (in  the  pare  Greek 
or  Doric  style^  eqaal  in  height  to  about  a  diameter  of  the 
columns,  and  the  architraye  was  the  same  :  otherwise  these 
two  principal  parts  wonld  have  seemed  inadequate  to  bear 
the  pressure  of  those  columns,  concentrated  on  distinct 
points  of  their  length.  The  base  was,  moreoyer,  for  con- 
yenience  subdivided  into  three  equal  steps  and  no  more  ;  for, 
had  the  steps  been  much  lower  than  a  third  of  a  diameter, 
they  would  have  seemed  thin,  paper-like  layers,  quite  out  of 
place  below  those  weighty  masses.  Neither  could  a  Oredan 
eye  have  tolerated  the  breaking  of  these  continuous  Hues  by 
the  introduction  of  smaller  steps  or  mounting-blocks  opposite 
the  entrance  or  else^ere.  They  preferred  the  inconyenience 
of  ascendmg  steps,  15,  20,  and  even  25  inches  high  ;  and 
unless  we  can  submit  to  this  inconyenience,  all  attempt  to 
copy  a  Grecian  portico  will  be  an  absurb  caricature. 

In  all  great  and  complete  buildings,  of  whatever  style,  the 
basement,  even  to  a  considerable  height,  consists  wholly  of 
korizorUal  lines,  running  wiihout  any  vnterruptum^  rise  or  fall, 
round  the  entire  structure.  Salisbury  and  Milan  cathedrals 
are  the  grand  examples,  but  it  is  seen  in  all  smaller  Gothic 
works  if  pure,  and  completed  on  one  design.  The  peculiarity, 
therefore,  of  the  Greek  basement  was  not  the  unbroken 
hmzontalUy  of  its  lines,  but  their  unbroken  iplan — straight 
from  comer  to  corner. 

Tn  the  Grecian  design,  up  to  the  roof,  we  find  all  principal 
membei%  and  lines  horizontal,  and  all  secondary  ones  vertical 
— a  consequence  of  constructive  truth  ;  the  vertical-pressure 
construction  requiring  all  continuous  joints  to  be  horizontal, 
and  all  discontinuous  ones  vertical. 

This  truth  also  required  the  continuation  of  the  cornice 
horizontally  across  the  ends,  fthough  not  there  necessary  to 
throw  off  the  wet,J  because  the  two  inclined  cornices  above 
would  have  given  the  expression  of  oblique  pressure,  unless 
tied  together  into  one  triangle  by  this  feature.  By  this 
means  the  construction  of  the  roof,  though  not  possible  to 
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be  displayed,  was  tnthf  wdieaiid  externally.  MoreoTer,  « 
Bopport  was  afforded  for  the  glorious  ornaments  in  the  pedi- 
ments, which  gare  life  to  the  whole. 

In  descending  from  the  general  design  to  that  of  the  parts, 
we  find  eyery  where  (in  the  Doric  order)  the  principle  of 
amtroit  carried  to  the  ntmost  extreme ;  the  opposite  one  of 
gradation  being  as  nearly  as  possible  excluded.  I  am  coEko 
Yinced  that  if  we  really  understood  this  principle  of  cotUreut, 
and  determined  to  embody  it  alone  without  compromise,  in 
a  Tertical-pressnre  bnilding,  we  shonld  be  led  to  the  complete 
Doric  order,  though  we  bad  nerer  seen  it. 

To  begin  with  the  most  indispensable  feature  of  Greek 
buildings,  the  corma,  ffor  columns  and^architrayes  were  not 
of  uniy^rsal  use,)  we  must  obserye  that  in  all  countries  where 
it  rains  at  all  (eyen  in  Egypt)  this  feature  springs  out  of  an 
absolute  constructiye  necessity :  for  it  is  impossible  com- 
pletely and  durably  to  exclude  wet  at  the  junction  of  the 
roof  and  walls,  but  by  making  the  roof  plane  adyance  be- 
yond and  coyer  this  junction.  (Fig.  a.)  It  is  obyious  to  a 
child  that  this  must  effect  the  object  at  once.  But  as  in 
China  it  is  necessary  that  women  should  not  walk,  and  in 
Japan  that  teeth  should  be  black,  so  it  is  necessary  in 
England  that  this  natural  arrangement  of  roof  and  wall 
shonld  be  reyersed,  that  the  roof  shonld  be  rather  less  than 
suificient  to  coyer  the  building,  and  the  wall  raised  to  con- 
ceal the  junction.  Of  course,  this  requires  a  great  waste  of 
expense  in  misconstruction,  or  rather  patching,  to  keep  out 
the  wet  from  season  to  season  ;  but  on  this,  trades  are  said 
to  depend ;  and,  of  course,  the  original  falsehood  has  to  be 
concealed,  disguised,  and  palliated  by  lie  upon  lie.  (Fig.  b.) 


r^ 


The  tissue  of  errors  to  which  we  are  thus  led  will  appear 
»Kwe  clearly  by  the  following  comparison. 
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fymtMion  <if1M  rcqfund  watt  in  am 

P,  TkM  w&U-plate.    T,   The  tie-beam. 

B.   A  prinefplLl  rafter. 

r,    One  of  the  minor  rsftera  not  tl^d 

by  the  fBet   but    thmsting  ont- 

vardi,  and  having  to  be  sopported 

by  the  pole- plate  and  a  purlin  (not 

•een)    which,  concentrating  the 

whole  weight  on  onepnint  of  the 

principal  rafter  R,  calU   for  un- 

neoessary  etrength  therein.  Above 

r  is  Men  a  Jbvrth  set  of  sapports, 

Xh^Jirtloi  which  four  set  ■  would 

have   Bolliced   if  properly  diiitri- 

bated,  since  It  supports  all  the 

others  besides  the  covering. 
M,  The  slates  or  tiles  made  so  short  as 

by  their  overlapping  to  become 

much  l^as  inclined  than  the  general 

pUne  of  the  roof,  and  thus  call  for 

unnecessary  height  therein. 
G,  The  parapet   or   roof-htder,   baUt 

chiefly  on  roting  wood 
G^  nie  lead  gutter,  capable  of  over- 
flowing or  leaking  aniff  v4tMn  the 

baQding.   and  immedLitely  over 

the  chief  timbers. 
W,  The  whole  weight  of  the  roof  con- 
centrated on  a  point  fkr  ftitMn  the 

walls,  defleetfng  the  tie-beam  and 

thereby  thrusting  the  wall  out- 
ward. 

Bat  the  intease  ogliaess  of  buildings  without  apparent 
corers,  or  with  eorers  jnst  too  email,  and  sliping  down 
within,*  of  course  leads  to  the  necessity  of  a  sham  cornice, 

•  Hie  pofvipd  fkshion  is  derived  from  the  Gothic  system,  in  which  this  feature 
was  neither  a  deception,  nor  did  it  lead  to  faulty  construction  ;  for  the  walls  of 
ehnrohes  thus  finished  were  at  least  Uoo  /aet  thick,  allowing  room  for  a  gutter  In 
fhe  centre,  between  two  little  walls,  of  which  the  outer  constitutes  the  parapet, 
and  the  inner  (often  nearly  or  quite  as  high)  receives  the  foot  of  the  roofing  ;  all 
Ae  Umben  of  which  are  thus  raised  above  the  level  of  the  gutter  and  its  outlets, 
and  thus  perfectly  safis  from  wet.  Dr.  Holler  first  noticed  this  ezoeDent  contrivance 
bi  the  minster  of  Freybvrg  ;  it  Is  the  same  at  Winchester  and  other  English  build- 
ings. Bot  if  we  want  to  adopt  the  principles  on  the  tMn  walls  of  modem  sheik, 
«f  QonrM  wa  hava  bo  means  but  by  overhanging  outwardly  Uka  tba  Qredan 
eonlea 


JuneHon  <if  ihs  rocf  atid  ioatt  in  u 
Greek  buOOing. 

A,  Hie  architrave,  or  last  wall-eoursa 
but  two. 

B,  Thefriese. 

G,  The  cornice  or  salient  course. 

P,  The  wall-plate.  T,  The  tie-beam. 

R,  A  principal  rafter. 

rTy  Minor  horisontal  rafters  or  purlins, 
numerous  enough  to  distribute 
their  weight  eauaOy  throughout 
the  length  of  the  pnncipal  rafter 
R,  and  immediately  receiving  the 
covering. 

0,  The  tiles,  or  marble  slates,  in  either 
case  made  long  enough  to  have 
nearly  as  much  inclination  as  the 
raOerB. 

E,  The  epitithedas  (oversetdng)  or 
stone  gutter,  enUtely  teWkout  the 
buildup,  and  the  iuoer  brim  of 
which,  being  higher  than  the 
outer,  prevented  the  poeeibUUy 
of  an  overflow  wetting  the  timbers. 

W,  The  weight  of  the  roof  acting  on 
the  exact  centre  of  the  wall's 
thicknes<f,  Heudying  and  not 
IhrueUng  it,and  not  deflecting  the 
tie-beam. 


184 


BISTORT  AND  RUDIMIMTS 


ft  huge  construction  of  lath  (or  other  pendent  contriTanceeJ 
and  plaster,  the  burden  of  which,  pulling  on  the  thin  outer 
screens,  is  snpposed  further  beneficial  to  trade.  This  piece 
of  scenery  is  sometimes  continued  aU  round,  but  generally 
confined  to  a  side  or  two,  and  returns  round  the  angle  a  few 
inches,  in  order  to  giye  the  spectator  the  double  pleasure  of 
being  deceived  when  so  placed  as  to  see  only  one  side,  and 
undeceived  when  he  turns  the  comer. 


THE   FRIEZE   OR  KECKING  TRACED   FROM 


Roman 
CoIaiDB. 

Below  the  cornice  of  the  Greek  building  we  always  find 
a  band  called  the  frieze;  and  below  the  projections  which 
crown  the  columns,  the  ant©,  and  every  other  principal  mem- 
ber, we  recognize  the  same  peculiarity ;  each  has  its  frieze  or 
necking,  the  division  between  it  and  the  mass  below  being 
differently  marked  in  each  case,  but  always  by  a  line  of 
shadow.  In  the  general  necking  of  the  building  (at  least  of 
a  temple)  this  line  of  shadow  is  cast  by  the  projecting  fillet 
called  the  tamia;  in  anta,  and  the  basements  of  some  tombs, 
it  arises  from  a  general  overhanging  of  the  frieze  before  the 
plane  below  ;  and  in  columns^  and  the  basement  of  Lysicra- 
tes'  monument,  it  is  formed  by  a  groove^  the  direct  reverse 
of  the  first  method,  but  agreeing  with  it  in  the  producti<m 
of  a  line  of  shadow.  This  peculiar  echo  of  the  main  shadow, 
by  a  smaller  one  beneath  it,  seems  to  have  been  first  faintly 
developed  in  Egypt,  seized  upon  and  (like  every  thing  they 
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toached)  perfected  bj  the  Greeks,  and  to  have  descended  by 
tradition  for  3000  years,  through  all  the  ricissitades  of 
Koman,  Romanesque,  Gothic,  and  po8^Gothic  fashions  to 
our  own  day. 

A  hundred  generations  of  men  have  now  admired  this  pe* 
culiarity, — ^have  felt  that  it  could  not  be  omitted  without  de- 
terioration of  beauty.    Why  is  this  ? 

Let  us  hazard  a  conjecture.    We  haye  said  that  there  can 
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Anh-ptar. 


lariyGotlile       G<»fhle 
Shaft.  BAMment< 


be  no  contrast  between  two  things  totally  dissimilar.  Con- 
sequently, there  can  be  none  between  two  such  things  as  a 
cornice  or  capital,  and  the  wall  or  mass  below  it.  They 
have  no  point  in  common.  Now,  if  we  can  introduce  be- 
tween the  two,  something  that  shall  hare  a  resemblance  to 
the  cornice  in  one  respect,  and  a  semblance  to  the  wall  or 
mass  below  in  another  respect,  it  may  form  a  contrast  with 
each.  This  can  be  done  by  cutting  off  (by  a  line,)  from  the 
general  mass,  a  portion  about  equal  in  height  to  the  cap* 
ing,  or  the  mass  of  shadow  cast  by  it.  This  will  resemble 
the  dark  band  aboye  in  nzCy  but  contrast  with  it  in  lundfuui- 
fy :  it  will  resemble  the  mass  beneath  in  position  and  lumiih 
osity,  but  contrast  with  it  in  size;  and  thereby  increase  its 
apparent  height,  which,  I  think,  any  one  must  perceiye  a 
frieze  or  necking  to  do. 
In  Egypt,  the  frieze  and  cornice  formed  oneconcaye 
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sweep,  [though  the  intense  sunshine  of  that  climate  casts 
the  shadow  of  the  latter  in  snch  a  way  as  to  form  a  sharp 
contrast  of  a  dark  and  light  band  nearly  equal]  But  the 
Greeks,  aiming  at  the  most  unmitigated  contrast,  thought 
the  carved  surface  too  light  a  form  for  the  severe  sublimity, 
which  was  their  object.  They,  therefore,  made  the  soffiie 
and  the  fritzt  two  disianct  planes,  meeting  [at  first,  proba- 
bly,] with  a  right-angled  nook.  The  mnUvks,  fancied  by 
some  into  copies  of  wooden  construction,  have  not  the 
slightest  resemblance  to  any  thing  of  the  kind,  being  far  too 
thin  and  broad  for  any  rafters'  feet ;  moreover,  the  practice 
of  falsification,  or  cop3ring  one  material  in  another,  was  to- 
tally opposed  in  principle  to  every  thing  the  Greeks  ever 
did.  These  features,  together  with  their  drops^  are  sup- 
posed, by  Papworth,  to  be  intended  among  other  purposes  to 
break  up  and  confuse  the  edge  of  the  shadow  cast  down  on 
the  frieze,  which  edge.  If  straight,  would  most  harshly  cut 
the  sculptures  thereon  by  a  sharp  line,  besides  appearing 
like  an  architectural  division,  which,  varying  in  place  with 
the  time  of  day,  could  not  always  be  pleasing  ;  and  ''  that 
principle  in  architecture  would  be  violated  which  prevents 
the  projected  shadows  from  disturbing  the  a4^osted  propor- 
tions." The  triple  tiers  of  drops,  it  may  be  observed,  so 
situated  as  to  be  always  seen  in  perspective,  present  the  only 
ornament  consistent  with  severe  simplicity  ;  owing  all  its 
beauty  to  regular  repetition  of  similar  objects,  without  any 
beauty  of  form  in  the  objects  themselves,  or  any  introduc- 
tion of  the  principle  of  gradation,  except  that  unavoidably 
produced  by  perspective.  The  idea  of  such  an  ornament 
may  have  been  taken  from  plants  in  a  field,  uniformly  ar- 
ranged for  agricultural  economy. 

The  triglyphs  are  now  generally  thought  to  have  been  [as 
regards  the  mere  idea]  derived  from  the  dusters  of  upright 
reeds  alternating  with  ciphers  or  monograms  on  the  Egyp> 
tian  frieze-cornice.  But  it  seems  to  me  that  the  mere  aim 
at  contrast  and  severe  simplicity  is  quite  sufficient  to  have 
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midered  theaon  neceeaarj.  Tbe  mass  of  horiaontal  lines  ia 
the  entablatoFe  required  to  be  contrasted  by  yertical  ones, 
and  the  Meae  was  the  only  place  admitting  them,  the  catting 
of  the  anM^TOfot  rertically  being  snch  an  obyions  faslehood 
as  not  to  be  entertained  for  a  moment,  while  the  chief  plane 
of  the  wrmct  was  horizontal  Bat  the  yertical  lines  coald 
not  be  repeated  all  along  the  frieze  withoat,  not  only  great 
monotony,  bat  poative  physical  injnry  to  the  eye,  as  any  one 
may  find  who  looks  intently  at  a  nomerons  set  of  parallel 
lines.  The  alternation  of  a  groap  of  lines  and  a  sqoare  of 
flcolptore  more  completely  carried  oat  the  principle  of  con- 
trast, besides  giving  a  field  for  the  scnlptor.  In  Egypt, 
each  of  these  groups  of  yertical  lines  consisted  of  fiye  or  six 
hemi-cylinders  ;  bat  the  Greeks  confined  it  to  the  smallest 
nomber  of  repetitions  that  eoold  exhibit  eqaal-spacing,  yiz., 
lilftt, — ^and,  instead  of  tiie  soft  roonded  hemi-cylinders,  they 
adopted  tbe  grayer  form  of  octagonal  prisms  ;  obliqnity  [bat 
not  coryatore]  being  admitted  in  these  minor  featores,  rather 
to  enhance  the  seyere  rectangalarity  of  principal  parts,  than 
from  a  childish  search  after  yariety. 

The  two  planes  of  the  frieze  and  the  soffite  being  thus 
each  crossed  by  transyerse  lines,  it  became  aii  object  that 
tiiese  two  systems  of  lines  shonld  make  the  most  intensely 
rectangnlar  contrast  with  each  other,  not  really — ^bat  visvr 
ally  :  fw  this  purpose,  the  real  angle  between  them  was  di- 
minished to  less  than  a  right  angle,  by  making  the  soffite 
dope  forward,  whidi  has  tbe  effect  intended  in  whateyer 
way  yiewed,  as  will  be  seen  by  the  following  sketches. 


A  represents  a  Doric  entablature,  with  the  soffite  sloping 
oyer  in  the  usual  manner,  in  which  it  will  be  seen  that  all 
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tbe  angles  a,  d,  c,  Ac.,  appear,  in  consequence  of  the  perqw)- 
tive,  more  nearly  right  angles,  t  c,  more  abruptly  contrasted 
than  the  corresponding  angles  in  Fig.  b,  which  shows  the 
appearance  of  a  horizontal  soffite.  This  effect  will  be  equally 
true  in  an  angular  riew,  as  seen  in  the  two  figures  below. 
(a  horizontal, — ^b  inclined  soffite. 


We  must  here,  again,  protest  against  that  insolent  libel 
on  the  Greek  architects,  the  wooden  theory  of  Yitniyius  and 
Milizia,  who,  of  all  writers  on  architecture  or  building,  per- 
haps giye  the  fewest  hints  at  general  principles.  In  the  case 
of  the  inclination  of  the  soffite,  this  barbiurous  theory  is  at 
once  disproTed  by  two  facts,  the  inclination  being  observed 
on  the /r(?fi/5  equally  with  the  sides  of  the  building,  and  its 
angle  being  wholly  independent  of  that  of  the  roof.  To  aid 
the  effect,  the  frieze  was  made  to  incline  imperceptibly 
backward,  and  the  arcMtraye  also,  because  any  want  of 
parallelism  between  them  would  have  become  obvious  at  the 
comers. 

The  architrave  being  evidently  the  most  important  con- 
structive member  in  this  style,  we  need  not  comment  on  the 
perfect  fitness  of  the  severe,  uncompromising  plainness, 
strength-expressing  squareness,  and  majestic  breadth  of 
light  and  shade,  on  its  face  and  soffite.  The  only  approach 
to  decoration"*"  appears  at  its  very  top,  and  so  connected  with 
that  of  the  Meze,  as  evidently  to  be  intended  only  to  recon- 
cile the  abrupt  difference  (not  contrast,  but  cofUradtctton) 

•  The  BhMdB  and  other  metaUie  ok^eeta  attacked  to  the  Arehitrare  of  the  Ptf> 
theooi^  heinf  not  a  iMTf  y«»  did  not  interfere  idth  iti  noblj  serera  ezprnMioii. 
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oiherwiae  occoning  between  the  comidetel j  onaAe  and  com* 
pletely  pliun  member.  Tbe  decoTation  is  applied  under  eadi 
ti^lypb,  because  the  same  number  and  qnantitj  of  horizontal 
lines  that  suffice  to  support  and  bound  the  metope  sculpture 
would  not  suffice  to  stop  and  contrast  these  groups  of  strong 
Tertical  lines.  The  principle  is  exactly  that  which  led  the 
Italians,  wheneyer  thej  had  a  string-course  serving  as  sill  to 
a  tier  of  windows,  always  to  attach  somethings  it  hardly 
matters  what,  under  each  window  or  each  window-jamb. 
The  sub-triglyphs  are  sunply  repetitions  (with  less  projection^ 
of  the  mutoles ;  and  this  repetition  serves  more  than  any- 
thing else,  except  the  cap  and  fieddmg  repetition,  to  give  unity 
of  style. 

Descending  to  the  column,  we  must  observe  that  the  pro- 
file obtained,  as  already  explained  by  the  generalized  imita- 
tion of  limbs,  though  perfectly  proper  for  the  8iq>port  of  a 
plane  extending  in  eoery  direction  from  the  capital,  (as  a  fiat 
ceiling,)  requires  an  addition  to  fit  it  for  placing  under  a 
beam  tiiiat  extends  on  only  ttoo  sides  of  it.  Unless  the  archi- 
trave were  as  wide  as  the  echinus  (which  would  render  the 
whole  top-heavy),  it  would  not  press  on  the  tohole  of  that 
member  which  is  essential  to  {H'eserve  the  analogy  with  an 
animal  extremity.  The  abacus,  then,  presents  the  simplest 
possible  way  of  spreading  this  pressure  over  the  whole  capi- 
tal, and  its  thickness  is  regulated  by  what  is  found  by 
experience  just  to  give  the  expresaon  of  sufficiency  to  this 
purpose.  If  too  thin,  it  is  apparently  useless,  and  if  too 
thick,  unnecessarily  massive. 

The  shaft,  as  already  noticed,  though  required  by  con- 
venience to  be  round,  is,  nevertheless,  made  to  present  sqtian 
(rightHingled)  edges.  Nothing  could  be  so  contradictory  in 
principle,  to  everything  else  in  the  Doric  order,  as  the  sleek 
fainess  of  a  completely  rounded  shaft,  whose  mass  only  gives 
it  clumsiness  without  the  slightest  expression  of  power.  A 
Dorian  entirely  debarred  from  the  use  of  flutings  would 
have  made  his  colunms  square,  at  whatever  sacrifice  of  con- 
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Tenienoe.  The  firat  improyement  on  the  square  would  b# 
by  trnncating  its  angles,  to  reduce  it  first  to  an  octangnlar, 
and  th^  to  a  Ift-dded  prism.  Bnt  the  contrast  between 
two  SQCcesBiTe  sides  of  this  being  Terj  slight,  and  liable  to 
be  counteracted  by  the  faintest  weather^tain,  this  contrast 
was  exaggerated  to  the  ntmost,  hj  so  hollowing  oat  each 
&ce  as  to  reduce  the  arris  to  a  right  angle.  The  same  thing 
was  done  for  the  same  reason  by  the  Gothicists  in  many  of 
their  octagonal  features  (see  ninth  example  in  the  parallel 
of  neckings  in  p.  185).  There  is  only  one  case,  however,  of 
the  IGHsided  shaft — that  bold  example  crowning  the  promon- 
tory of  Suninm  (Cape  Colonna),  evidently  designed  for  dis- 
tant view.  Everywhere  else  we  find  the  sides  increased  to 
twenty,  on  account  of  the  common-sense  principle  which 
requires  that  in  every  structure,  as  solids  should  be  over 
solids,  and  voids  over  voids,  so  should  projections  be  over 
projections,  and  recesses  over  recesses.  Let  the  square  in 
the  annexed  figure  be  the  plan  of  the  abacus,  and  aba,  part 
of  that  of  a  16-fluted  shaft.  If  a  recess  be  placed  as  at  a  «, 
beneath  the  most  receding  parts  of  the  abacus,  (or  those 
nearest  the  axis,)  then  a  recess  also,  as  at  h,  will  come 
under  its  most  prominent  point. 
But  by  increasing  the  flutes  to 
twenty,  one  can  be  placed  cen- 
trally under  each  face  of  the 
abacus,  as  at  c  t,  and  an  arris 
(or  greatest  projection)  at  rf, 
under  the  angle  of  that  member. 
This  could  not  have  been  ob- 
tained with  any  other  number  of 
flutes,  between  twelve  and  twenty-eight,  of  which  the  fonner 
might  probably  be  used  with  advantage  in  bold  plain  en^ 
neering  works,  but  the  latter  would  introduce  too  much  of 
the  principle  of  gradation,  in  the  seven  gradually  liimfaioKing 
quantities,  from  the  visual  middle  oi  the  column  to  its 
visual  side. 
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It  might  be  thought  that  eontrast  woold  be  better  oo&- 
eulted  by  making  erery  recess  or  Ante,  a  pair  of  pUmes 
meeting  in  a  nook,  as  if  the  plan  consisted  of  five  snperposed 
squares  (as  practised  in  some  Egyptian  works  with  a  smaller 
uunber) ;  but  not  only  wonld  this  introduce  unnecessary 
complexity  by  doubling  the  number  of  lines,  but  by  <kawii^ 
the  outline  eleration  of  such  a  column,  we  iduJl  find,  la 
going  from  the  centre  to  the  side,  a  breach  of  continuity — a 
sudden  change  in  the  law  of  gradation,  at  that  recess  where 
we  first  lose  sight  of  the  nook-line.  Though  gradation  was 
to  be  avoided,  it  was  felt  that  whereyer  it  did  unayoidably 
occur,  it  should  be  continuous.  A  sudden  breach  in  any 
gradation  is  ugliness,  because  it  is  neither  regultfity  nor 
irregularity.  It  is  the  same  prindple  on  which  we  condemn 
the  sudden  change  of  currature  in  the  Tudor  arch,  and  any 
change  from  one  curve  into  another,  except  the  perfectly 
contrasted  flexure,  as  noticed  in  Chapter  II. 

There  are  obviously  only  three  sitr^  modes  of  striating 
colunms — ^by  convexities  alone  {reedvng) — by  concavities 
alone  {Doric  fluting);  and  by  alternate  concavities  and  con^ 
vexities  (scallcpifig).    The  last  is  the  mode  most  common  in 

SeftUopUic.  Beedbig.  Doric  flatfng. 

nature,  because  regular  striation  is  here  confined  to  degani 
(not  grand)  objects,  and  this  is  abstractedly  the  most  elegant 
kind,  being  all  gradation  and  no  contrast.  Of  the  other  two 
modes,  the  Doric  affords  most  contrast,  for  several  reasims. 
First,  all  its  lines  (which  are  the  only  {daces  where  contrast 
of  light  and  shade  can  occur)  are  visible, — ^while  in  the 
reeded  column,  only  a  few  of  the  nook-lines  can  be  seen  at 
once.  Next,  only  two  of  these  nooks  in  the  reeded  example 
fan  so  receive  the  son  as  to  have  one  side  shaded  and  yet  the 
other  not  shadowed  by  it  as  at  a,  b.    In  the  nook  c,  botli 
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sides  reoeire  light,  though  not  equally  ;  and  in  d,  one  casts 
its  shadow  on  the  other :  now  the  edge  of  a  cast  shadow 
can  nerer  hare  the  sharpness  of  contrast  that  an  actnal  edge 
of  a  body  has.  Moreover,  in  concave  surfaces,  as  already 
remarked,  the  cast  shadow  of  the  edge  often  (in  sunshine) 
rednces  great  part  of  the  concavity  to  eqoable  shade,  and 
thus  obviates  part  of  the  gradation  that  is  unavoidable  on 
convexities. 

The  angular  plan  of  the  colomn  ceases  at  the  top  of  the 
shaft,  because  its  continuation  throughout  the  swell,  or 
echinus,  would  introduce  too  many  curved  lines.  It  would 
be  more  elegant  than  the  present  capital,  but  less  fit  in  a 
composition  of  which  grand  severity  (not  elegance)  was  the 
aim,  and  in  which  the  curves  were  made  as  few  as  would 
just  suffice  to  give  greater  value  to  the  general  rectangnlarity. 
The  long  fluting  lines,  then,  being  stopped  suddenly,  the 
same  principle  that  called  for  the  sub-triglyph,  required  here 
the  contrast  of  strong  and  repeated  horizontal  lines.  One 
was  not  sufficient  to  stop  such  long  and  strong  lines  as  the 
arrises;  bo  three,  four,  or  Jive  of  these  stopping  lines  {armuleti) 
were  made,  according  to  the  height  of  the  column,  and  their 
profile  carefully  studied  to  produce  the  strongest  alternation 
of  light  and  shade.  The  Psestans  trusted  to  intensity  instead 
of  number,  and  substituted  om  deep,  black  hollow,  but  the 
leaves  introduced  thereui  show  a  great  decline  from  Doric 
severity.    Indeed,  all  the  colonial  examples  are  very  impure. 

The  dimimUym  and  entasis,  essential  to  the  character  of 
limb-columns,  do  not,  as  might  be  thooght,  interfere  with  the 
severe  rectangnlarity  of  the  style,  but  actually  increase  it 
when  seen  from  a  near  point  of  view.  To  explain  this,  we 
must  remember  that  the  ocular  images  of  objects  are  formed 
on  the  retina,  which  is  not  a  plane  but  a  spherical  surface, 
and  the  most  severely  contrasted  angle  is  not  always  an 
actual  right  angle,  nor  yet  that  which  appears  most  so  in 
perspective,  but  that  whose  image  on  the  retina  is  most  right- 
angled.    Every  designer  should  understand  spkerical  perspeo- 
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Hce,  i.e.,  projedfem  on  a  spherical  sorfaoe  of  wbieh  the  076  is 
the  centre.  It  ia  bj  no  means  a  difficult  subject,  perhaps 
easier  than  ordinary  perspective  ;  and  the  architect  would  do 
well  to  consider  (as  the  Greeks  did)  not  only  the  eleyation, 
and  the  effects  in  plane  perspective,  but  especially  the 
spherical  projections  of  any  thing,  for  those  alone  are  really 
its  visual  appearances. 

Now,  when  we  examine  a  colonnade,  arcade,  or  any 
sunilar  alternation  of  masses  and  voids,  we  never  place  our- 
selves opposite  a  mass  or  prqjection,  (column,  pier,  or  but- 
kess,)  but  always  opposite  a  recess,  (intercolumn,  arch,  or 
window.  The  visual  outline  of  the  column,  then,  is  less 
hnportant  than  that  of  the  intercolumn.  Every  one  must 
have  observed,  when  opposite  a  Doric  intercolumn,  at  a 
distance  about  equal  to  its  height,  or  rather  more,  the  imUnse 
iqwirenus  of  its  effect.  This  is  because  its  ocular  image  is 
more  rectangular  than  if  the  opening  were  actually  rectan- 
gular, like  a  doorway.  Let  e,  in  the  following  figure,  be  the 
place  of  the  eye  in  a  horizontal  plane,  x  x  ;  and  let  the 
vertical  plane  a.  g,  a  c,  contain  the  geometrical  deooHons  of 
two  columns,  0  0.    If  the  sides  of  the  intercolumn  (or  a.  b. 


A  b)  were  vertical,  they  would  be  projected  in  spherical 
perspective  as  two  portions  of  great  drcles*  meeting  in  the 
spectator's  zenith.  Consequently,  the  image  of  the  opening 
would  diminish  upward,  like  a  piece  of  one  of  the  gores  of  a 
globe  ;  and  its  top,  b  b.,  being  projected,  also,  as  a  portion 
of  a  great  circle,  would  make  an  oltuse  angle  with  each  of 
the  sides.    But  let  it  be  required  to  make  the  ocular  image 

•  £t0I7  ftraight  line  becomes  in  fhii  projection  a  portion  of  a  grMt  olrole. 
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u  06^  from  1,  parallel-aided  and  reotaBgoIar.  The  ndea  of 
this  image  will  then  be  parts  of  the  two  parallel  circles,  a  h 
cd,  ahcd.  The  rays  drawn  from  b  through  every  pointof 
these  two  circles  will  form  two  very  obtuse  cones,  whose 
common  vertex  is  at  b,  and  their  conunon  axis  x  x  ;  aad  the 
vertical  plane  c  c  (being  parallel  with  their  axis)  will  so  col 
these  two  cones  as  to  form  the  two  hyperbolas  a  b,  a  % 
which  will  be  the  form  that  mnst  be  given  to  the  lines  that 
are  to  apptar  parallel,  as  seen  from  b.  To  give  the  opening, 
therefore,  the  ntmost  effect  of  rectangnlarity,  (as  seen  from 
this  distance,)  the  sides  of  the  columns  mnst  be  a  pan:  of 
opposite  hyperbolas,  having  their  common  centre  at  s,  and 
their  asymptotes,  s,  9,  a  # ,  making  the  same  angle  as  b  <^  b(^ 
conseqnently  the  same  as  a  b  a  ;  or  the  angle  which  the 
breadth  of  the  intercolmnn  subtends  from  the  distance  ch<»en, 
which  distance  will  vary  greatly  of  course  in  different  designs, 
but  can  never  be  less  than  the  height  of  the  order,  because 
the  eye  cannot  see  the  whole  Qf  an  object  at  once  that  sob- 
tends  more  than  45°. 

Whether  this  were  the  exact  curve  given  to  the  entasis, 
I  have  no  means  of  ascertaining  ;  but  this  seems  the  only 
reason  that  will  assign  any  particular  curve.  With  regard 
to  its  dependence  on  a  certain  chosen  distance  of  sight,  it 
must  be  observed  that,  nearer  than  this,  we  can  only  see 
details,  and  hardly  take  in  a  whole  column  or  intercolumn  ; 
while,  at  all  greater  distances,  we  take  in  several  such 
divisions,  and  estimate  their  form  rather  by  the  axes  than  the 
orUHnes  of  the  columns,  so  that  their  limb-like  form  does  not 
interfere  with  the  rectangular  nature  of  the  principal 
divisions.'*'    The  thought  and  provision  bestowed  by  the 

•  Fbw  thlaga  in  mod«cn  GtmUh  cMiMtant  m*  ngltor  tluta  il|B  QpwaM  mKfaa^ 
■ion  in  the  width  of  a  eoloninkde  of  some  length,  m  the  longeet  one  in  theflranftoC 
the  British  Mueeum.  The  eolomni  being  aet  with  their  »xee  upright,  their  lanv 
aides  ken  nwny  firom  the  well,  and  (when  viewed  bwa  one  end  of  ^e  »««bm^ 
nppeer  feUing.  This  effiMt cennot  heppen  with  e irikeH portico,  whoselength  does 
not  much  exceed  its  height,  becnnse  the  opening  »t  the  farther  end,  (like  thnee 
nentioned  ebore,)  though  not  reeUngoler,  will  appear  so.  Bot  the  Anther  it  it 
mmoTSd,  the  lees  eorreetton  of  this  kind  wlU  H  teosive,  so  that  the  loiter  the  « 
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Doric  arcldteets  gbl  the  effect  at  awrjr  postible  distance  (from 
Biiles  down  to  inches,  from  l^exr  work)  is  most  remarkable. 

The  opiiaU  a^rreOumB  are  another  most  admirable  refine- 
ment peculiar  to  the  architecture  of  the  Oreeks.  This  effect 
does  not  require  the  presence  of  more  than  (me  column,  (so 
that  it  cannot  depend  on  the  intercolnmn,)  and  it  disappears 
beyond  a  moderate  distance.  It  is  explained  perfectly  by 
the  fact  that  when  the  eye  is  directed  to  the  middle  of  the 
column's  height,  (which  it  must  be  to  see  the  whole,)  the 
upper  and  lower  parts  being,  the  one  more  distant,  and  the 
other  nearer,  than  the  part  to  which  the  eye  has  adjusted 
itself;  they  will  both  produce  on  the  retina,  indistinct  images^ 
out  of  focus,  and  thwefore  too  wide.  The  effect  may  be  per- 
fectly imitated  with  a  model  of  the  eye,  or  a  camera-obscura. 
But  the  entasis  in  Greek  columns  is  commonly  more  than  suf- 
ficient to  correct  this  illusion,  and  so  we  dbould  expect  both 
from  the  treatment  of  the  intercolumn  above  explained,  and 
from  the  generalized  imitation  of  natural  columns. 

But  the  most  general  source  of  the  illusions  to  which  these 
corrections  were  applied,  was  trradiatufn,  or  the  spreading 
of  luminous  impressions  on  the  retina.  It  is  this  which  makes 
the  angular  column  of  a  portico,  seen  against  the  sky,  i^pear 
narrower  (unless  made  broader)  than  the  others  seen  against 
a  ground  darker  than  themselree.  In  each  case,  the  lighter 
image  ^Knroaches  on  the  limits  of  the  darker, 
— the  sky  on  the  dark  column, — the  light 
columns  on  their  back-ground.  As  this  fact 
(perfectly  established  in  optics)  is  strangely  ^^^ 
disputed  by  some  architects,  we  subjoin  a  ^-  B~ 
figure  that  will  furnish  an  experimental  illus- 
tration.   Let  the  reader,  from  the  distance  of 

Mda,  Xb%  m<ir»  slumld  tiie  aztts  of  Hm  eohumiB  lean  inward,  though  thej  n«v«r 
■Md  loan  M  naeh  aa  to  maka  the  inner  ildM  quite  TartleaL  We  shoiild  theiafcca 
•beerre  this  proportion.  The  width  of  the  paaeage  at  the  floor  :  thai  at  the  oeil- 
li«,  : :  its  length  ;  the  diagonal  formed  by  that  length,  and  the  height  from  the  eye 
te  ttfee  oeiling.  Thie  rule  would  make  the  inward  inclination  of  the  eolomne  on  the 
Jkmh,  of  a  temple,  greater  than  on  HUbfr^id;  which  the  lateal  measnrementa,  I 
beliere,  hare  ihown  to  be  the  caie 
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a  yard,  estimate  tke  relatbe  vidthi  ni  tke  two  ends  of  tUs 
rectangle,  and  then  meafiore  tiiem.  Ilxe  drops  under  tbe 
taenia,  if  made  cylindrical,  will  i^pear  to  taper  downwards, 
from  their  tops  being  seen  against  the  shadow  of  the  fillet 
abore,  and  their  lower  ends  against  tite  bright  siurbce.  To 
correct  this,  they  are  made  slightly  conical  in  the  contrary 
direction.  So,  also,  columns  with  Tertkal  sides  seen  against 
a  wiall,  the  npper  parts  of  which  are  shaded  more  than  the 
lower,  (as  always  happens  behind  a  colonnade,)  will  ai^)ear 
to  taper  downwards  ;  and  to  correct  this,  seems  the  only  ob- 
ject in  the  slight  and  hardly  perceptible  upward  dimiaution 
giyen  to  antes,  and  pertiaps  that  of  columns  in  the  lights 
orders,  which  are  not  imitated  from  the  animal  type. 

Some  other  corrections  may  be  called  rather  ostAeHc  than 
optiecdy  being  directed  against  illaMons  of  penxption  rather 
than  sense  ;  many  of  which  may  be  traced  to  the  well-knowDi 
effect  of  coniragt,  always  to  make  the  difference  between  the 
things  contrasted  appear  greater  than  it  really  is.  Bed  and 
green  placed  together,  appear  redder  and  greener  towards 
their  jnnction  than  at  a  distance  therefrom  ;  and  this  I  hold 
to  be  applicable  to  all  contrasts  of  whatever  kind.*  Thus^ 
angles  being  contrasts,  the  differenee  of  direction  between 
their  two  lines  will  seem  greater  than  it  really  is  ;  and  hence, 
except  in  the  case  of  a  right  angle,  (where  this  difference  is 
a  maximum,)  it  will  be  increased  ;  i.  e.,  every  oblique  angle 
must  appear  less  oblique  than  it  is  ;  an  acute  angle  be  ap- 
parently increased,  and  an  obtuse  angle  diminished.  To  this 
I  attribute  the  fact,  that  the  general  outline  of  a  portico, 
with  all  the  axes  of  its  columns  vertical,  seems  broader  at  tJk 
top, — an  effect  not,  I  believe,  observable  when  there  is  no 
pediment.  In  the  outline,  we  have  three  obtuse  angles,  abb, 
each  of  which  being  apparently  diminished,  fas  by  the 
dotted  lines  at  5  &,)  all  will  evidently  conspire  to  make  the 


•  It  Js  vorj  obvious  In  contrasted  dimm«ion:    Wh«ii«T«r  tb*y  •»  oot  gna^ 
different,  (thone  of  the  fkci»  of  an  ftrchitnTe,  fbr  IiMtaiiM.)  we  aludlohi 
uent  always  flod  that  we  hare  tfMr-esttiaated  the  dUhrenoe 
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8ide0  i^petf  to  over- 
liang,  and  the  effect  will 
be  farther  inereased  when 
the  outline  is  connected 
with  the  groond-line,  not 
hj  a  right  angle  but  by 


two  obtose  oneg,  as  at  n  0/^^-^4*4 
(which  often  oecors  firom  a  flight  of  tiiin  modem  stepe,  or 
firom  perspectire  lines  of  stylobates,  &c.)  The  mere 
diminution  of  the  comer  column  is  not  sufficient  to  counter^ 
act  this  effect,  at  least  not  in  the  case  of  the  lighter  orders, 
where  the  diminution  is  so  much  less  than  in  the  Doric  ;  and 
hence  the  axis  of  the  colmnn  should  be  inclined,  and,  to 
equalize  the  spaces  between  the  capitals,  of  course  the  axes 
of  all  the  columns  most  hare  a  general  upward  conveigence. 
This  agrees  with  the  result  of  the  latest  admeasurements. 

The  antique  orders  seem  to  hare  originated  in  different 
parts  of  the  world — the  Doric  being  the  only  one  that  can 
properly  be  considered  a  Qreek  inyention  ;  the  Tuscan  a 
modification  of  the  Doric  ;  the  Ionic  an  Asiatic  importation. 
The  Corinthian  a  refinement  on  the  Egyptian  and  the  com- 
posite rather  what  its  name  would  import  than  a  separate 
order.  In  all  Asiatic  styles,  also,  there  is  a  tendency  towards 
lateral  projections  from  two  opposite  sides  of  the  capital, 
sometimes  turning  upward,  and  serving  as  brackets  to  the 
architrave ;  sometimes  pendent,  and  reminding  one  of  volutes, 
though  not  taking  that  form.  The  base  is  another  Asiatic 
feature,  and  regularly  increases,  the  further  east  we  go,  till 
in  India  it  sometimes,  with  its  innumerable  moulded  details, 
reaches  to  a  height  exceeding  that  of  the  shaft  itself. 

Before  its  adoption  in  Qreece,  the  Ionic  order  was  carried 
to  considerable  perfection  in  Asia  Minor,  in  a  form  more 
nearly  approaching  that  now  used,  but  greatly  inferior  to  the 
Athenian  improvement,  which  we  have  already  briefly  men- 
tioned as  arising  from  an  accurate  feeling  for  the  subordina- 
tion of  the  five  classes  of  form  which  in  the  Asiatic  examples 
were  much  misplaced. 
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There  is  a  &ir  spedmen  of  these  works  in  the  fine  tomb 
or  monument  whose  remains  fill  the  Lycian  Boom  at  the 
British  Mnsenm,  and  I  think  any  one  mnst  be  shocked  at  its 
want  of  an  apparent  architrave,  and  at  the  huge  block-like 
dentils,  fit  only  for  an  engineering  work,  placed  abore  so 
delicate  an  order.  Thete  features  are  known  to  hare  been 
anciently  practised  in  Asia  Minor,  bat  nerer  in  Oreece.^ 

*  Theae  remarka  most  not  be  misnnderttood  to  apply  to  uaj  thing  bejoad  tlie 
0rd^;  the  geoenl  fima  and  amogoment  of  that  and  other  lonion  tomba  beiBg 
abore  eriticisin,  for  their  grace,  lightneas,  yarietj,  and  cheerfblneea,  lo  opposita 
to  the  gloom  J  ogUneas  and  iham  mantveneM,  by  Christiana  thought  eaaential  to 
•Tory  thing  aepoIchraL  The  moat  fiunooa  of  theae  monaments,  that  of  lUoaoloa, 
which  has  given  a  name  to  all  pompona  worka  of  the  kind,  haa  onfortonately  left 
no  Teatige  ;  and  the  atatement  by  Pliny,  that  it  meaaured  on  the  north  and 
•oath  08  feet,  but  waa  ahorter  on  the/VoHHi.  yet  411  fiMt  in  entire  olrenit)  hm 
made  it »  kind  of  problem  to  reetorera.  Suppoaing  the  frcnU  to  be  (aa  in  aU 
ancient  buUdinga)  eaat  and  weat,  it  will  be  aeen  that  the  plan  mnat  have  been 
either  Mf^-tlded  or  ontefjbrm,  Th»  former  woold  by  ita  obUqne  anglea  exdndA 
the  uae  of  the  lonie  (the  national  and  aepolehral)  order.  The  expreaaioiMi 
*'  attolitur  in  altitadinem  XXT  eabitia  :  dngitar  eolamnia  xxztx  a  a  anpra 
pteron  pyramia  altitudine  infttiorem  (pyramidem)  eqnarit,  xznr  gradiboa  la 
metas  oacnmen  ae  contrahena"  aeem  to  imply  a  baaement  26  cnbita  high,  then 
«  colonnade,  and  abore  it  a  pyramid,  equaling  the  height  qf  that  5«Ioco  (aor- 
roonded  by  the  colonnade.)  The  flnial  waa  a  quadriga,  making  the  total  height 
140  fiMt,  whence  that  of  the  baaement  and  quadriga  being  deducted,  would 
leaTW  80  or  90  for  the  order  and  pyramid  or  about  40  for  the  order  alone,  whoae 
edlumna,  if  Ionic,  would  be  about  4  feet  in  diameter.    The  annexed  arrangement 

•howa  how  36  of  them,  with  a  ayatyle 
■pacing,  could  aenre  to  oorer  the  whole 
pOan,  by  meana  of  trcOf^aied  dofn«f ,  (like 
that  of  the  beautiful  tomb  at  Mylaaaa,) 
resting  outwardly  on  the  oolnmna,  and 
inwardly  on  the  aidea  of  the  pyramid. 
A  hezaatyle  portico,  68  feet  wide,  wouH 
appear  on  each  flank,  and  a  tetraatyla 
one  (with  a  pediment)  on  each  front ; 
and  no  beam  would  be  required  of  greater 
apan  than  11  feet,  that  of  the  arehitraTea 
^  being  only  8  feet  A  late  reatoratioa 
which  chaUengea  the  "  production  of  a 
better"  haa  nearly  aU  ita  arehitravea  of 
17  feet  apan,  and  forming  the  only  bam 
to  a  pyramid  extending  over  the  whole 
plan,  (which  haa  about  double  the  area 
of  that  here  glTcn,)  the  moat  maaaiTe  of 
all  architectural  forma  being  thna  hoMeA 
in  ths  air  on  colnmna,  and  theaa  «f  ftit 
Ooriathiaa  ordarl 
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The  iBimeiuse  temple  of  Epheens,  and  ottierSy  hardly  infe- 
rior,  in  most  of  the  cities  of  that  country,  were  Ionic ;  bat 
the  European  Greeks,  with  their  general  accuracy  of  taste, 
confined  this  order  to  their  smallest  works,  in  which,  snb- 
limity  being  unattainable,  elegance  was  substituted  ;  and 
perceiving  that  the  character  of  their  national  style  would 
be  entirely  lost,  without  any  equiyalent,  when  the  columns 
were  reduced  in  thickness  to  less  than  a  sixth  of  their 
height,  fthe  proportion  of  a  lion's  leg,)  they  wisely  rejected 
it  in  such  buildings. 

Of  the  exquisite  cumlmear  forms  iuYented  for  the  adorn- 
ment of  the  Ionic  order,  none  is  more  general,  and  yet  less 
understood,  than  that  called  by  them  iuUhemiony  and  by  us, 
the  honeysuckle,  though  it  has  not  the  slightest  resemblance 
to  that  plant  or  any  other,  being  no  representation  of  any 
thing  in  nature,  but  simply  the  necessary  result  of  the  com- 
plete and  systematic  attempt  to  combine  unity  and  yariety 
by  the  principle  of  gradation.  First,  a  "  line  of  beauty" 
was  formed, — a  line  of  contrary  flexure,  of  our  fifth  class, — 
not  of  amtrasUd  but  gradated  contrary  flexure.  On  the 
principles  explained  in  Chap.  II.,  the  unity  and  rariety  were 
further  augmented  by  a  gradated  increase  of  breadth  from 
one  end  of  this  line  to  the  other  ;  then  a  series  of  such  lines 
were  combined,  not  all  alike,  but  gradated  from  the  longest 
to  the  shortest.  But  aa  this  did  not  produce  a  ^mmetrical 
or  uniform  figure,  the  uniformity  of  halves  was  obtained  by 
'  joining  two  such  series  of  lines  in  reversed  positions  :  thus 

we  have  one  of  the  tuft-like  forms  that  compose  the  pattern. 
At  first  these  tufts  would  be  made  all  alike,  but  they  would 
soon  discover  the  graceful  variety  attained  by  using  two 
such  forms  alternately,  differing  chiefly  in  theiri»ttm5er  of 
lines,  but  both  composed  in  the  above  manner.  As  the 
I  lines,  however,  composing  these  figures  are  not  long  enough 

I  to  afford  an  exiemnvt  display  of  gradated  curvature,  such  as 

gives  to  spirals  their  exquisite  grace,  the  artists  could  not 
forego  the  introduction  of  longer  lines,  in  which  the  curvar 
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tore  (eyaneaceot  at  their  middle)  increases  ap  to  each  ex- 
tremity so  as  to  form  curls  or  volutes  ;  and  these,  associated 
with  the  above  forms,  con^ete  the  amihtmion  in  all  its 
Tarieties.* 


4ij|«. 
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As  a  systematic  attempt  to  embody  as  perfectly  as  posn- 
ble,  in  a  beamed  bnilding,  the  one  principle  of  contrast,  wonid 
lead  any  designers  to  the  Doric  order  and  nothing  else  ;  so 
the  attempt,  in  an  ornament,  to  exc^io^j gradaiion  alone  and 
unmixed,  most  lead  to  this  precise  combination  of  forms. 
The  tracing  of  the  solutions  is  easy  after  the  problems  have 
been  solved.  We  can  all  make  the  egg  stand,  after  Co- 
lumbus. 

The  introduction  of  the  anthemion  into  the  Doric  order 
was,  in  itself,  a  great  abuse,  but  was  palliated  by  certain 
changes  made  to  diminish  gradation  and  increase  contrast, 
such  as  the  omission  of  contrary  flexure  in  the  curves,  (i,  e., 
reducmg  them  from  the  fifth  class  to  the  third,)  the  termi- 
natiug  them  by  angular  instead  of  rounded  ends,  and  the 
enclosing  of  each  set  of  curves  in  the  Gothic-arch-shaped 
border,  crossing  and  violently  contrasting  with  their  direc- 
tion. An  ornament  more  fit  for  this  order  (but  perhaps 
carrying  the  rectangular  principle  to  excess)  was  that  called 
the  f ret f  which,  it  should  be  observed,  was,  anciently,  never 
more  than  a  painted  form.  It  was  left  for  the  age  and 
country  of  Soane  to  perpetuate  such  a  thing  ui  carved 
marble.t 

•  since  arriTfog  at  this  conclusion,  I  find  Haj,  in  his  "  Essay  on  Form," 
bas  explained  this  ornament  on  simQar  principles,  and  r^eeted  the  notion  that 
It  is  imitatiTe. 

t  We  mttsfhere  warn  the  reader  against  a  remarkable  error  of  RuHkln.  The 
▼alne  of  ornaments  in  arehltectnre  depends  not  in  M«  MifhieM  deffree  on  the 
matiual  tabor  thej  contain.  If  It  did,  the  flnest  omamenti  erer  executed  would 
be  the  btune  chains  that  hang  before  certain  Indian  rock-temples^  But  the  Talue 
of  omamentii  depends  wholly  on  the  amount  of  thoufhf,  of  mental  labor,  em- 
bodied ;  and  whether  this  be  great  or  smaU,  k  is  esienUal  that  It  be  im(  «B0SKd!sd 
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What  Sir  J.  Reynolds  obserree  of  his  art,  is  aj^lieable  to 
emrj  other. — "  Such  as  suppose  that  the  great  style  might 
happily  be  blended  with  the  ornamental, — ^that  the  sunple, 
graye,  and  majestic  dignity  of  Raffaelle,  conld  nnite  with 
tiie  glow  and  bustle  of  a  Paolo  or  a  Tintoret, — are  totally 
mistaken.  The  prmciples  by  which  each  is  attained,  are  so 
contrary  to  each  other,  that  they  seem  in  my  opinion  incom- 
patible, and  as  impossible  to  exist  together,  as  that  in  the 
mind,  the  most  snblime  ideas  and  the  lowest  sensuality 
should  at  the  same  time  be  nnited.'-' — (Discowrse  iy.  j  And 
he  also  remarks,  *'  Some  -excellences  bear  to  be  united,  and 
are  improved  hj  onion;  others  are  of  a  discordant  natnre, 
and  the  attempt  to  join  them  only  produces  a  harsh  jarring 
of  incongruous  principles.  The  attempt  to  unite  contrary 
excellences  (of  form  for  instance)  in  a  single  figure,  can 
nerer  escape  degenerating  into  the  monstrous,  but  by  sink- 
ing into  the  insipid  ;  by  taking  away  its  marked  character, 
and  weakening  its  expression." — (Due.  v.)  Such  was  the 
attempt  to  produce  a  Doric  omameni  (a  contradiction  in 
terms)  ;  and  the  result,  the  rectangular  fret,  may  well  be 
considered  (with  all  its  varieties)  the  most  monotonous  and 
insipid  thing  ever  used  as  an  ornament  by  the  ancients.      ^ 

If  we  extend  the  term  "  ornament"  to  the  glorious  sculp- 
tures that  formed  a  necessary  part  of  the  Doric  order,  that 
filled  its  cell-frieze  (in  low  relief,)  its  metopes,  (in  higher,) 
and  its  pediments,  (in  detached  statnary,)  then  we  may  well 
consider  it  by  far  the  most  ornate  (or  rather  richest)  order 
or  style  ever  executed.  The  invention  of  a  fit  substitute  for 
these,  i.  e.,   one  that  shall  produce  the  same  architectural 

hy  the  manttal  labor,  fin-  flien  the  tetttr  trill  appear  thrown  awaj.  Hie  Doric  ft-et 
emtains  thought,  but  not  anongh  to  Tonder  it  worth  oarving,  perhaps  hardlj 
worth  careful  painting.  But  the  Doric  eohinui  and  entablature  contain  rach  un* 
explored  Tolnmee  of  thought,  that  «o  material  or  flniah  ia  too  ftne  for  them. 
Though  executed  in  poUahed  porpfaTry,  the  head-work  would  outehlne  the  handl. 
vorli. 

It  ia  9u  bettrr  that  the  thought  bo  inadequately  expreieed,  that  the  workman- 
fUp  be  not  worthy  of  It,  (as  in  foliage  of  edgele«i  east  iron,  for  instance,)  thaa 
that  the  design  be  unworthy  of  the  manual  labor,  as  in  Soane'f  oarred  freta. 
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^td,  and  harmonize  witb  tlie  rest  of  the  compoeition,  is  the 
main  problem  to  be  solved  in  the  adaptation  of  this  grand 
st^le  to  those  few  modem  purposes  in  which  it  may  and 
ought  to  be  employed.* 

The  Corinthian  order,  with  all  its  elegance,  indicates  the 
api^oach,  if  not  the  commencement,  of  decline  in  Oredaa 
art :  if  not  in  architectnre,  at  least  in  sculpture,  of  which 
this  order  did  not  absolutely  nqture  any.  Carving  had 
usurped  its  place,  doubtlessly  because  the  sculptors  were  no 
longer  capable  of  executing  those  wonders,  by  the  side  of 
which  all  later  sculpture  would  have  seemed  barbarous. 

In  the  decline  of  taste,  in  all  countries  and  in  all  arts 
alike,  every  thing  is  ornament,  if  not  fritter,  and  no  beauty 
is  seen  in  the  pure  noble  breadth  and  simplicity  of  the  earlier 
productions.  The  Parthenon  itself  could  not  spurn  from  its 
eternal  sur&ces  the  brush  that  found  them  a  convenient  field 
for  the  display  of  its  ephemeral  fancies.  First,  the  few 
mouldings  were  covered  with  forms  imitative  of  the  cut 
mouldings  of  the  delicate  orders  ;  from  narrower  suriieboes^ 

•  GonTlneod  that  Greek  arehlteetare  (being  founded  on  nature  and  truth)  ma 
fMv«rloie  ita  inflaenoe,  nerer  oeaae  to  be  need  (be  it  erer  lo  neeleai,)  noreeaaet» 
be  praetlted  (be  it  erer  so  Impracticable,)  we  muat  find  It  a  matter  of  lome  im- 
portance Jboto  it  ehall  be  imitated,  whether  need  or  abused,  applied  or  mieapplied, 
A  few  words  on  the  more  obvious  and  gtcm  feilnzes  of  our  imitatlea.  maj  not  be 
here  misplaced  ;  espedaOlj  r^farding  the  sabetitute  necessary  for  the  Doric  me- 
topes  and  pediment-sculpture.  In  interiors  and  on  northern  fronts,  I  can  see  no 
objection  to  painting  or  inlaying,  in  the  style  of  the  ancient  vasee,  the  flgaies 
lighter  than  the  ground,  and  Taried  by  lines  or  drnpery-foUs,  but  with  no  attempt 
at  deceptiTO  shadowing.  In  flronta  receiying  the  sun,  howeyer,  this  will  not  an- 
swer ;  great  relief  and  roughnem  are  there  requisite  to  break  up  the  otherwise 
straight  shadow  of  the  cornice.  Where  the  figures  are  not  phonetle,  bat  mere 
patterns,  it  will  be  n^edftil  for  sererily  of  expression  that  they  be  of  the  lecond 
olass,  i.  e.,  ehiefij  composed  of  straight  lines,  but  diagonal  ones  (In  the  metopes, 
to  avoid  confusion  with  the  surrounding  lines,  and  in  the  pediment,  to  aTold  » 
graver  style  offonn  than  that  of  the  member  itsel£)  Iron  gratings,  of  large  and 
simple,  but  carefully  studied  and  varied  patterns,  might  be  placed  before  a  dark 
tympanum  and  metopes  (the  latter  much  more  recessed  than  andentliy,  as  every 
recess  should  b  ,  to  suit  this  cllante)  ;  and  to  procure  those  masses  of  light  In 
pleasing  forms,  necessary  for  the  doe  eflbet  at  a  distance,  polygonal  or  starJIkn 
portions  of  these  gra  tings  [one  In  each  metope  and  three  or  five  in  the  pediment] 
might  be  flUed  up,  not  with  a  flat  sur&ce,  but  with  Several  planea  forming  a  pyra- 
midal or  gem-like  variety  of  sur&ce,  giving  business  and  play  of  light  and  shade, 
without  deviating  from  rectilinear  form 
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thej  adyaaced  to  broader,  tSl  even  the  abacus  wai  made  a 
pattenirblock.  Wfaea  the  noble  Dorian  works  began  to  be 
thns  desecrated  is  uncertain,  bnt  probably  not  tiU  a  late 
date,  as  no  Greek  or  even  Roman  writer  makes  the  slightest 
allosion  to  the  practice.  On  the  contrary,  the  constant  nse 
of  the  term  while  sione  (or  marble)  in  their  descriptions  of 
bmldinga  shows  that  a  ralofi  was  placed  on  that  whiteness, 
which  alone  could  render  (even  under  a  Grecian  sun)  some 
of  the  delicate  adjustments  of  light  and  shade  visible.  The 
low  relief  of  the  cell-frieze  of  the  Parthenon,  perhaps  ren- 
dered a  colored  ground  necessary,  even  to  understand  it,  in 
its  dark  situation,  just  under  the  ceiling  of  the  colonnade  ; 
and  probably  the  metopes  and  pediment  sculptures,  though 
not  requiring  such  a  contriyance  for  relief,  had  it  at  an  early 
date  ;  110^  originally,  or  the  tympanum  would  have  been 
built  of  a  deep-colored  stone  (as  that  from  Eleusis,  used  for 
relieving  the  metal  sculpture  of  Ionic  friezes,)  for  the  taste 
of  that  day  avoided  paint  wherever  variety  of  color  could  be 
given  by  different  materials. 

If  there  were  any  coloring  on  the  Doric  temples  in  thnes 
of  Doric  taste,  it  must  have  been  confined  to  a  few  members, 
and  intended  to  enhance  the  general  monotony,  just  as  a  few 
cases  of  curvature  and  variety  in  form  enhanced  the  general 
rectangnlarity.  That  monotony  of  color  is  essential  to  the 
grand  style,  we  may  learn  from  all  the  works  of  nature  in 
this  style  ; — grand  animals  ;  grand  vegetables  ;  rocks  ;  but 
especially  mountains  ;  for  in  these,  if  covered  with  vegeta- 
tion, there  is  a  sort  of  utilitarian  necessity  for  variety  of 
color  ;  and  yet  as  soon  as  we  retire  to  the  distance  requisite 
to  see  the  whole,  or  a  portion  large  enough  to  be  grand,  the 
atmosphere  interposes  its  blue  veU,  and  reduces  the  whole  to 
sameness.  What  can  more  distinctly  show  that  Nature  toill 
noi  iufer  polychromy  in  her  Doric  works  ?* 

*  What  the  air  doM  here.  Urns  often  does  for  works  of  architeetare.  In  a  great 
and  anciont  building  whose  polychromic  deooxattons  have  been  sobered  down  bgr 
ages  of  neglect,  till  hardly  didUnguishable,  a  singalar  migesty  is  acqaiied  from  Ma 
oixmuBsianoe,  and  not  from  the  polyehron^  Itselt    Not  only  the  Tenecahle  ag«, 
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It  is  poflsible  that  some  of  these  temples,  ^hen  composed 
of  a  coarse  material,  might  have  had  the  whole  surfaces 
finished  with  some  kind  of  stucco,  paint,  or  yamish  ;  and  if 
the  profiles  were  so  adjusted  as  to  give  forcible  shadows,  and 
no  nicety  requiring  whiteness  for  its  exhibition,  a  deep, 
mtense,  and  uncommon  color  (red,  for  instance,)  might  per- 
haps harmonize  with  the  severity  of  form  better  than  white- 


As  for  the  painted  vnwmenU  on  the  Parthenon,  if  they 
had  been  contemplated  in  the  design,  they  would  certainly 
have  been  carved,  or  (if  flatness  were  wanted)  inlaid,  and 
not  executed  in  so  mean  a  manner,  by  those  who  rejected 
marble  and  chose  ivory,  for  the  statue  within,  because  iktmgh 
less  bea/UfHfid  and  durable,  it  was  more  cosUf. 

It  should  be  remarked,  that  the  unparalleled  excellence  of 
the  scit^ptwres  of  this  building  has  led  to  the  habit  of  consider- 
ing it  the  perfection  of  Doric  arMtedure  also,  which  is  by 
no  means  so  certain.  Being  built  after  the  introduction  of 
the  Ionic,  and  nearly  contemporary  with  its  neighbor  the 
Erecbtheum,  the  richest  example  of  that  order,  it  certainly 
displays  many  approaches  to  lonicism.  The  older  examples 
have,  besides  their  simplicity,  decidedly  more  grace,  particu- 
larly in  the  capital ;  nor  can  any  compete  in  this  respect 
with  that  most  archaic  form,  of  unknown  antiquity,  which 
crowns  the  rock  of  Corinth,  with  its  columns  of  a  single 
stone,  only  four  diameters  high,  and  yet  (what  wondrous 
art  I)  not  only  not  clumsy,  but  singularly  graceful.  The 
loss  of  their  entablature  is  one  of  the  greatest  losses  archi- 
tecture has  to  mourn. 

As  the  Homeric  poems  have  triumphantly  refuted  the  at- 
tempts to  regard  them  as  compilations,  so  is  there  in  the 
Doric  order,  and  especially  in  its  oldest  examples,  that  pe^ 

but  the  <UffN«fM<on«,  are  npparentlj  Increastid  b j  the  dim  and  misty  effect  th«t 
makes  everything  look  more  distant  than  it  is.  Cleognara  and  Zanotto  attribate 
to  this  canse  great  part  of  the  sublimity  of  the  interior  of  St.  Mark*!  at  Venice  ; 
*'  an  effect,"  says  the  former,  "  mo8t  rare  to  be  obtained  in  edificea  OTerloaded 
wt^  ao  many  rioh  ornaments  ** 
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feet  connstencj  and  unity  of  idea  that  proclaims  it  to  be,  in 
all  essential  points,  the  production  of  one  mind.  Like  other 
orders  and  styles,  it  ranst  doubtless  hare  receiyed  improye- 
ments  from  many  hands  ;  but  unlike  them,  or  rather  in  afar 
greater  degree  than  any  of  them,  does  it  exhibit  the  marked 
predominance  of  one  genius  ;  and  on  this  point  we  are  con^ 
strained  to  reeeire  the  tradition  of  Vitruvius,  that  whatever 
number  may  hare  aided  in  its  progress,  it  had  one  invent&r^ 
the  greatest  mind  that  has  ever  been  directed  to  architecture. 


CHAPTER   VT. 


Application  of  the  same  FrincipUs  to  CompressiU  Buildings  by  thi 
Mediaval  Architects. 

The  Greek  architecture,  having  in  itself  few  elements  of 
change  or  corruption,  survived  in  tolerable  purity  for  a  longer 
period  than  any  other  known  system,  and  even  in  its  latest 
works  (few  of  which,  however,  were  durable  enough  to  remain 
to  us)  it  escaped  one  £ault,  that  seems  to  have  had  a  great 
^bare  in  breaking  up  all  other  styles,  (the  Egyptian,  Roman, 
Hindoo,  Arabian,  and  Gothic,  for  instance,)  viz.,  the  use,  as 
ornaments,  of  miniature  models  of  the  principal  features  ; — 
the  puerility  that  led,  in  Egypt,  to  making  a  capital  like  a 
little  house  or  temple  ;  at  Borne  and  Baalbec,  to  enclosing 
a  niche  with  small  cdumns  and  a  pediment ;  in  Gothic 
England,  to  applying  buttresseis  and  pinnadeis  without  num- 
ber ;  in  India,  to  a  similar  crowd  of  modeled  colonnades, 
verandahs,  and  domes ;  and  in  Moslem  lands,  to  shelves  and 
cupboards  like  cloisters,  and  to  that  multiplicatiott  of  little 
sham  vaultings  that  has  obtained  the  name  of  the  stalactite 
ceUvng ; — the  object  of  all  being  to  get  false  magnitude  by 
diminishing  the  scale  ;  an  artifice  that  never  succeeds  except 
on  paper ^  on  which  these  things  often  look  vast  and  sublime, 
but  never  in  reality.  The  Greek  system  escaped  all  this  ;  but 
one  change,  the  introduction  of  oblique  pressure,  destroyed  it. 

18 
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The  BomaiiB  (as  the  reader  ^ould  be  aware)  soooeeded 
in  imitating  no  order  bnt  the  Cormthian,  and  thia  only  when 
they  adhered  strictly  (at  least  externally)  to  Greek  eomiruo' 
Hon  as  well  as  decoration,  as  in  the  Pantheon  portico,  the 
temples  of  Niames  and  Baalbec.  The  colmnns  and  entabla- 
tores  stock  on  the  face  of  an  arcade,  as  in  the  Colosaeom, 
are  a  constmctive  lie,  bnt  not,  as  some  snppose,  ahnge  orna- 
ment. The  lie  consists  in  their  appearing  a  mere  ornament^ 
while  they  are  really  indispensable  to  stability ;  for  these 
columns  are  really  the  hOtresses  or  props  of  the  internal 
vaulted  ceiUng,  and  they  wonld  have  to  stand  out  obliquely 
and  form  apparent  props,  were  it  not  for  their  entablature, 
which  (often  itself  a  piece  of  disguised  arch  construction,  in 
order  to  throw  all  its  weight  on  the  columns,)  serves  the 
purpose  of  the  Gothic  pinnacle,  to  steady  the  column  below, 
against  the  side-thrust ;  by  combining  its  vertical  pressure 
with  the  oblique  thrust,  to  |»x)dnce  a  resultant  more  nearly 
vertical,  and  capable  of  being  confined  within  the  foot  of  a 
vertically  placed  column.*  But  the  column  is  false,  because 
it  appears  made  to  sustain  the  vertical  pressure  alone. 
Being  a  prop,  it  should  have  appeared  one ;  but  this  was 
never  attempted  till  the  thirteenth  century.  Till  then, 
propping,  though  a  sound  principle  in  bnilding,  wae  con- 
sidered an  improper  one  to  appear  in  architecture  ;  and  this 
one  disguise  kept  the  art  for  fifteen  centuries  in  a  continually 
deepening  degradation.f  The  arch  was  introdnced  by  tilie 
Etruscans  or  Romans ;  bnt  its  necessary  attendant,  the  prop, 
was  stm^ed  against  for  fifteen  centuries  before  architects 
would  admit  it  without  a  mask. 

During  this  long  period  of  false  art,  mixed  construction  was 

•  Thttii,  these  atUehed  oolamns  and  enUblafcttres  »re  (m  Pugin  expreaaea  a  pria 
ciple  of  all  trae  arehiteetare)  wfl  eon&trueted  daooraUofiy  kut  decorated  oonsiiitO' 
Nofk  He  reganU  It  aa  a  peouliarlf  O^lMe  principle,  wbleh  la  a  miatftka  ;  It  la  not 
more  a  principle  in  good  Goihie  than  in  all  good  arohiteetnre,  and  waa,  perhapa^ 
on  the  whole,  (taking  aU  the  works  of  a  style  together,)  Urn  attended  to  in  the  / 
Qothie  than  in  any  other  style,  before  the  introdaotion  of  aham  bnflding. 

t  What,  then,  can  be  ezpeoted  at  presant,  when  aU  aichitectim  is  dli«Bka)  ma- 
oealmMit.  and  deee.Uon? 
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uniyeTsally  employed  (as  at  present) ;  the  three  principles  of 
the  beam,  arch,  and  truss,  being  indiscriminately  nsed, — ^the 
first,  in  both  stone  and  wood  corerings  df  small  span, — ^the 
second,  in  the  generality  of  stone  coyerings, — and  the  last  in 
those  of  timber,  of  which  only  the  roofs  or  ceilings  were  (at 
least  after  the  last  great  Roman  works,  in  the  reigns  of  Con- 
stantine  and  Diocletian)  entirely  composed.  One  conse- 
quence of  this  was,  that  the  long  dark  age  of  architectnre 
produced  no  durable  works ;  so  that  we  hardly  hare  any 
examples  (or  not  enough  to  show  us  the  general  manner)  of 
more  than  its  Jvr^  two  or  three,  and  last  two  or  three  cen- 
turies. The  style  of  the  former  is  called  Boman  ;  of  the 
latter,  Romamaiip»%^  or  (in  England)  Sazoa  and  Norman, 
and  by  Yarious  local  names  in  other  countries.  The  dura- 
bifity  of  the  Roman  works  arose  from  the  national  energy  of 
character,  and  fh>m  Greek  principles  of  construction  being 
retained  in  porticoes,  Ac.  The  durability  of  the  Romanesque 
arose  from  a  general  return  to  more  substantial  construction 
after  the  year  1000,  which  was  expected  to  terminate  the 
%  world ;  and  also  from  the  desire  (caused  by  the  fr^uent 
destruction  of  the  open-roofed  churches  by  fire)  to  render 
the  whole,  or  as  much  as  possible,  of  the  fabric  fire-{ffOof,  by 
Taulted  ceilings  below  the  timber  roofing.  At  first  they 
only  corered  the  narrower  parts  and  aisles*  in  this  manner, 
but  gradually  extended  it  to  the  main  avenue  or  naye.  This 
was  first  done  in  Germany,  and  in  the  early  examples  we  also 
find  the  first  change  from  the  round  to  the  poi/tUed  arch, — 
generally,  but  inaccurately,  considered  the  grand  distinction 
between  the  Romanesque  and  the  Gotkic  styles.  The  change 
doubtless  arose  from  ignorance  and  timidity  of  construction; 
but  it  had  a  most  important  artistic  effect,  by  introducing 
an  angle  into  the  arch,  and  thereby  bringing  it  back  almost 
into  a  graver  class  of  form  than  the  third,  and  rendering  it 
more  fit  for  main  structural  features.    The  pointed-arch 

*  Ajb  ambigultj  tometlmei  arliies  from  the  unoerUin  meaning  of  ttato  word  aiaUi 
(40tfT»ble  either  from  aUe  or  oOos,)  we  nhaU  use  it  onlj  in  tbe  fimner  tense,  m 
•ppljing  obI/  to  the  lattral  alley  a  of  a  building. 
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ImOdiiigSy  though  not  attainiiig  (for  no  arohed  building  ever 
can  attain)  the  grandeor  of  the  rectangular  archless  styles, 
jet  hare  a  h^her'd^^ree  of  gravity  and  severity  than  the 
light  sweep  of  the  Italian  roiind«rdiing  can  ever  attain. 
Compare  the  interiors  of  the  Lady-chapel  at  Bonthwark  and 
the  vestibule  of  Somerset  House,  and  remember  that  the 
latter  is  by  far  the  more  massive.* 

It  is  common  to  date  the  great  transition,  firom  the  first 
appearance  of  a  pointed  arch,  to  the  complete  disappearance 
of  the  last  roond  one.  But  in  tmth  it  extends  from  the 
revival  of  vaulting,  (disused  since  the  Roman  times)  to  the 
universal  use  of  that  covering,  i.  e,,  to  the  disappearance  of 
the  last  lintel,  or  the  last  nnvanlted  space.  All  Romanesque 
buildings  with  vaulting  are  an  approach  towards  Gothlcity ; 
and  the  building  that  contains  a  lintel,  however,  short,  is  not 
completely  Oothic.  Even  at  Salisbury  there  ure  a  few  Hn- 
tels  across  the  narrow  galleries  and  passages.  In  this  con- 
tinued progress^  the  change  from  round  to  pointed  is  only 
one  step,  and  a  far  less  important,  and  less  exactly  definabto 
step  than  another  we  could  name,  which  is  the  vmmasking  of  # 
the  buttress.  It  is  this  that  makes  the  grand  restoration 
from  falsehood  to  truth.  It- is  this  that  distinguishes  the 
beamtifrd  church  of  Marburg  in  Hesse,  and  the  more  glorious 
one  of  Salisbury,  (begun  a  few  years  earlier,  in  1219,)  from 
all  previous  buildings,  and  stamps  them  as  the  first  complete 
developments  of  the  new  system.  The  buttresses  that  prop 
their  vaulting  appear  without  disguise. 

Yaulting,  then,  being  the  all-pervading  iconvs — the  final 
CAUSE  of  Gothic  architecture, t  that  to  which  all  its  meat- 
hen  subserve,  for  which  everything  else  is  contrived,  and 

*  That  if,  it  repre»eni9  a  more  massive  coBstrnotion.  In  conBidering  modem 
English  architectar&l  works,  ft  must  nerer  be  forgotten  that  they  differ  tratn  all 
ofhert  in  this  respeet  Foreign  ardiitectuTV  (and  English  before  tha  &tt  of  Ooilil- 
city)  consists  in  ^fins  ImiloHnff.  But  English  architecture  since  that  period  con- 
sists In  the  repreteniaUon  of  fine  building,  and  its  works  must  (like  thoatrioal 
MMnery)  be  criticised  not  as  what  they  ar0,  but  as  what  they  r^preunl, 

t  This  wna  first  shown,  we  bclieye,  by  Ware,  in  hia  admiiabla  "  I^not  on 
VaulU  " 
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without  which  the  whole  apparatus  would  be  idmless  and  ua- 
meaning — it  will  be  uecessarj  here,  first  to  take  a  rapid  glauoe 
at  that  art,  then  at  the  modificatioDS  it  introduced  in  tibe  gw- 
eral  dedgn,  andlastly  in  the  subservient  parts  of  the  buildii^. 

I.  Of  wrch  or  vauU  work  as  the  fv/ndwawfUaX  prindfU  of 
the  Gothic  system. 

Whether  any  people  before  the  Bomans  were  in  the  habit 
of  building  arches  and  vaults,  is  a  question  having  no  bearing 
on  our  present  subject ;  but  we  must  observe  that  the  dome 
is  a  simpler  principle  of  construction  than  the  arch — is  found 
in  the  works  of  animals  (which  the  arch  is  not),  and  has 
been  employed  by  many  nations  who  could  not  (or  did  not) 
build  arches,  as  the  ancient  Mexicans  an4  the  present  Esquir 
maux.  The  ancient  Romans,  however,  (who  constructed 
with  brick  the  largest  domes  even  now  in  existence),  not 
only  used  this  kind  of  covering,  which  rests  on  aU  sides  of  the 
space  to  be  covered,  but  also  the  Mmple  or  wagon-head  vault, 
which  rests  on  only  two  sides  of  the  covered  rectangle,  leaving 
the  other  two  free  from  all  pressure.  But  further  than  this, 
they  were  the  inventors  of  that  highly  ingenious  contrivance, 
the  cross^aultf  which  exerts  its  whole  pressure  solely  on  the 
afigles  of  the  apartment,  leaving  all  the  sides  free.  Its  origin 
may  be  thus  explained :  suppose  a  simply  vaulted  passage 
had  to  be  continued  across  another  exactly  similar  passage, 
lying  at  right  angles  to  its  course,  and  it  was  required  to 
leave  both  corridors  perfectly  free.  First,  suppose  them  to 
Interpenetrate  each  other,  without  omitting  any  part  of 
either ;  the  square  of  intersection  will  then  be  completely 
enclosed  by  four  walls,  and  covered  by  a  double  ceiling,  for 
each  vault  by  itself  covers  this  space  :  every  point,  there- 
fore, in  this  square  is  doubly  covered,  except  the  points 
situate  along  the  two  diagonals  of  the  plan,  for  vertically 
over  these  two  lines  do  the  two  vaults  interpenetrate  each 
other.  If  we  confine  our  attention  to  the  lower  of  the  two 
ceilings  thos  formed,  we  shall  find  it  to  be  a  square  dome, 
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for  a  dome  may  be  erected  on  a  square  or  any  other  form  of 
base,  and  its  property  is  always  to  rest  equally  on  the  whde 
enclosure  :  now  the  four  ridges,  or  (to  borrow  an  ezpressioQ 
from  carpentry)  the  kips  of  this  square  dome,  are  the  com- 
mon intersection-lines  of  the  two  vaults,  and  are  evidently 
simple  elliptic  curves  in  vertical  planes  :  consequently  these 
two  semi-ellipses  have  the  property  of  arches,  and  can  sup- 

p<Mrt  not  only  themselves,   but    square  erou  Tault,  1 


the  whole  of  the  upper  ceOiiig.  -v«<«<tiu«,gi««4fofiuw... 
Hence  the  lower  ceiling  or 
square  dome  may  be  entirely 
removed,  as  well  as  the  four 
walls  on  which  it  rests,  leaving 
both  passages  open,  and  the- 
cross-way  completely  covered 
by  a  ceiling  that  rests  solely  on 
the  four  angles :  it  is  even  inde- 
pendent of  the  vaults  over  the 
four  arms  of  the  cross,  whicli 
may  be  entirely  removed,  lead- 
ing the  cross-vault  to  be  con- 
fined solely  by  four  definiti? 
pressures  applied  diagonally  to 
its  four  angles. 

The  same  elliptic  lines  which  in  the  square  dome  formed 
external  ridges,  here  form  internal  ridges,  called  groins. 

The  beauty  and  advantages  of  this  kind  of  vaulting  led 
the  Romans  to  use  it,  not  only  over  a  cross-way,  where  it 
was  necessary,  but  also  over  all  corridors  and  long  apart- 
ments, by  dividing  them  into  a  series  of  squares,  each  covered 
by  a  cross-vault,  thus  throwing  the  whole  pressure  of  the 
vaulting  on  the  points  of  division  between  these  square  com- 
partments, and  leaving  the  remainder  of  the  walls  free  for 
openings,  or  to  be  constructed  ever  so  slightly,  or  even 
omitted  altogether.  The  boldness  of  their  constructions  of 
this  kind  has  never  been  equaled.    There  is  evidence  that 


^^J^:^' 


QquMX9  doBM,  Wiitliif  «fpaf»  and  ar«*Mf 
the  whole  eneloanre  of  ita  baee. 
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the  Temfde  of  Peace,  now  in  nniw,  htd  its  nare  covered  bj 
orofls-Taiilts  83  feet  wide,  bo  that  the  groinfl  on  which  the 
whole  rested  had  a  span  of  88X^^2 =117  feet;  and  an  apart- 
ment in  the  baths  of  Diocletian,  still  in  nse  as  a  choreh,  has 
a  similar  ceOing  oi  about  86  feet  in  diagonal  span  still 
remaining,  although  it  is  formed  on  an  nnsonnd  principle. 
The  compartments  are  not  square,  but  rather  wider  in  one 
direction  than  the  other.  Now  in  this  case,  either  one  or  iotk 
of  the  crossing  Tanlts  onght  to  have  been  dlipticaly  so  that 
both,  notwithstanding  their  unequal  i^ns,  might  hare  their 
q)ringings  at  the  same  level,  and  their  crowns  also  at  the 
same  level.  The  groins  wonld  then  have  been  confined  to 
vertical  planes  over  the  two  diagonals  of  the  compartment. 
But,  in  fact,  both  vaults  are  made  semi-circular,  and  their 
crowns  being  at  the  same  level,  their  springings  are  not  at 
the  same  level.  The  consequence  is,  that  the  intersection 
lines  or  groins  are  lines  of  double  curvatore,  and  not  being 
in  vertical  planes,  are  not  therefore  true  arches,  and  would 
not  be  able  to  support  themselves,  were  it  not  for  the  immense 
and  wasteful  thickness  of  the  vaulting,  containing  several 
times  more  material  than  is  necessary.  Moreover,  curves  of 
doable  curvature  are  invariably  displeasing  in  architecture, 
for  the  eye  cannot  readUy  understand  them. 

With  the  decline  of  Roman  power,  this  art  of  vaulting 
was  lost,  and  for  centuries  the  basilicas  of  Italy  and  the 
churches  of  all  Koman  Christendom  remained  mth  nothing 
but  timber  roofs.  The  Greeks,  however,  retained  (or  else 
r&'invented)  another  mode  of  vaulting  possessing  many  of 
the  advantages  of  groining,  but  not  all  of  them.  This 
system  depended  on  two  simple  geometrical  principles :  1st, 
that  every  section  of  a  sphere  by  a  plane  is  circular  ;  and 
2dly,  that  every  intersection  of  two  spheres  is  a  plane  curve, 
and  therefore  circular.  The  Oreek  vaulting,  then,  consists 
wholly  of  spherical  surfaces,  as  the  Roman  consisted  wholly 
of  cylindrical  ones.  A  hemispherical  dome  may  be  supposed, 
whose  base  carcumscribes  the  plan  of  any  apartment  or  com> 
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partanent,Bq[iiare,i^taiigiilar,triai^^iito  Now 

imagine  the  sides  of  this  plan  continued  upwards,  as  vortical 
planes,  till  they  meet  the  hemispheric  surii&ce.  This  meeting- 
line  must  in  every  case  be  a  semi-circle,  andmay  therefore  be 
made  an  open  arch  ;  and  the  portions  of  the  dome  thus  cat 
off  from  every  side  of  its  base  may  be  omitted  altogether, 
provided  their  oflOece  as  buttresses  to  the  remaining  portion 
above  be  replaced  by  the  pressure  of  some  other  vault,  which 
may  be  of  any  kind,  if  it  be  applied  agamst  the  semi-drcnlar 
arch.  Thus  no  walls  are  required  on  the  sides  of  the  sup- 
compart- 


ment, all  the 
weight  of  the 
fendmtive  dome 
(as  it  is  called) 
being  thrown  on 
the  angles  of  its 
plan.  Thus  this 
dome  serves  for 
covering  an  open 
cross-way,  and  is 
so  applied  at 
Saneta  Sophia,  of 


Vaoltiog  of  Saneta  Sophia  :  the  dome  over  the  oemtnl 
■quare  leitiBg  «pof»  iti  aagka,  hat  aflf«i<fM<  its  sUiM. 


which  the  covered  cross-way,  115  feet  square,  might  well  be 
esteemed,  in  the  barbarous  age  of  its  erectiou^  a  wonder  of 
the  world  ;  and  the  same  idea  repeated  without  end, — ^the 
same  sprouting  of  domes  out  of  domes, — continues  to 
characterize  the  Byzantine  style,  both  in  Greek  churches  and 
Turkish  mosques,  down  to  the  present  day.  They  have  been 
well  described  by  Hope  as  a  congeries  of  globes  of  various 
sizes  growing  one*  out  of  another. 

This  system  of  vaulting  has  been  adopted  by  two  great 
modem  architects,— by  Sir  C.  Wren  at  St.  Paul's,  and  by ' 
Soufflot  at  St.  Genevieve,  Paris  ;  by  the  former  with  great 
success,  and  in  both  made  to  harmonize  well  with  the  Roman 
style.    But  observe  the  inferiority  of  this  to  the  Bomaa 
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erosB-Taolt.  The  latter  is,  as  we  have  seen,  independent  of 
the  four  adjoining  yanlts,  over  the  arms  of  the  cross.  Bat 
the  pendentive  dome  cannot  subsist  without  them  ;  for  though 
ite  doufwwa/rd  pressure  is  confined  to  the  angles  of  the  plan, 
its  auiward  push  is  exerted  against  the  sdes, — ^though  it  rest 
ftpon  four  points  only,  it  rests  against  innumerable  points, 
Ti2.,  against  the  whole  semi-circle  of  each  of  the  main  arches. 
But  the  crofis-rault  has  its  whole  pressure, — ^not  only  its 
weight,  but  its  push, — collected  into  four  definite  resultants 
appUed  to  the  angles  only,  so  that  it  might  be  entirely  sup- 
ported by  four  flying  buttresses,  no  matter  how  slender, 
proTided  they  were  placed  in  the  right  directions  to  transmit 
these  four  simple  resultant  pressures,  and  strong  enough  not 
to  be  crushed  by  them. 

At  the  first  dawn  of  Gothic  science,  when  the  numerous 
and  disastrous  fires  among  sacred  edifices  led  to  the  attempt 
(first  perhaps  in  the  Rhine  valley)  to  vault  them  with  stone, 
a  mixture  of  the  Roman  and  Eastern  methods  seems  first  to 
to  have  been  tried,  and  some  curious  combinations  of  this 
kind  are  still  to  be  seen  in  the  old  churches  of  Cologne  and 
its  neighborhood.  The  superiority  of  the  Roman  system, 
however,  soon  led  to  its  exclusive  adoption,  and  it  is  to  be 
seen  in  the  crypts  and  aisles  of  many  buildings  of  our  own 
country,  as  in  those  of  the  naves  at  Durham  and  Ely  and  the 
transepts  at  Ely  and  Winchester  ;  but  in  extending  this  kind 
of  ceiling  to  the  central  avenue,  many  difficulties  arose,  not 
perhaps  so  much  from  the  increased  span  and  height  above 
the  ground,  as  from  the  oblong  form  of  the  compartments, 
(those  of  the  aisles  having  been  square  ;)  for  the  builders 
of  this  age  very  properly  rejected  the  doubly-curved  groins 
of  Diocletian's  baths,  which  indeed  would  have  been  quite 
impracticable  over  a  plan  differing  considerably  from  a  square. 
Yarious  expedients  were  resorted  to,  and  the  only  successful 
one  for  vaulting  the  clerestory  with  round  arches  alone,  was 
by  making  its  comparments  square,  and  letting  each  corres- 
pond to  two  compartments  of  the  side  aisle.    This  is  the  mode 
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Adqpted  at  the  three  great  Bomaoesqne  cathedrals  of  Worms^ 
Mentz,  and  Speyer  (in  the  last  of  which,  the  diagonal  or 
groin  span  is  more  than  60  feet),  and  in  the  two  great  abbeys 
foonded  by  William  I.  and  his  Qneen,  at  Caen  ;  and  it  seems 
to  have  been  intended,  bat  never  executed,  in  the  nave  at 
Dnrham.  We  have  no  example  however,  in  England,  of  a 
nave  with  ronnd-arched  vaidting,  if  we  except  the  small 
massive  chapel  in  the  White  Tower,  London,  which  is  a 
simple  vault  without  groins,  and  is  not  a  dear  story,  but  en- 
closed between  upper  aisles,  so  that  there  is  no  diificulty  as 
regards  its  abutments.  But  the  various  attempts  to  over- 
come these  difficulties  would  hardly  fail  to  lead,  first  to  the 
mixture  of  pointed  vaults  with  round  ones,  as  in  the  Rhenish 
churches,  and  then  to  the  exclusive  use  of  the  pointed  form. 
Without  detailing  the  various  modes  in  which  this  might 
happen,  and  did  happen,  as  appears  from  the  various  interest- 
ing expedients  seen  in  those  buildings,'*'  we  may  observe  that, 
as  the  chief  practical  difficulties  attached  themselves  to  the 
upper  and  horizontal  portions  of  the  round  vaults,  nothing 
could  be  more  natural  (in  an  age  unfettered  by  pedantic 
admiration  of  classical  precedents)  than  to  get  rid  of  these 
difficult  and  hazardous  parts  of  the  work,  by  beginning  each 
foot  of  the  arch  as  if  it  were  meant  for  an  arch  of  wider 
span,  80  that  the  two  curves  might  meet,  before  attaining  the 
horizontality  which  was  dreaded  in  the  crown  of  the  round 
vaulting. 

The  Romans  had  strengthened  their  vaults  with  simi- 
circularly-arched  ribs,  t.  e.,  portions  thicker  than  the  rest  of 
the  vault,  and  appearing  inwardly  as  flat  bands  projecting 
slightly  from  the  inner  surface,  and  harmonizing  well  with 
the  similar  forms  of  pilasters  in  the  walls  ;  but  they  did  not 
place  these  ribs  where  they  were  most  needed,  viz.,  along  the 
elliptic  groins,  which  bear  all  the  rest  of  the  ceiling.  The 
early  Freemasons  took  care  to  strengthen  these  important 
lines,  and  (on  the  same  principle  that  modem  joists  are 

•  Wbnrdl'i  <  ArehtMetiiml  KotM  <m  Ctatmaa  CkueehM.' 
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■Mide  deep  and  narrow^  they  gradnallj  cmiTerted  the  broad, 
shallow  Roman  band  into  a  deep  narrow  rib,  by  first  simply 
diminishmg  its  width  and  increasing  its  projection  or  depth, 
then  chamfering  the  edges  till  its  section  became  a  semv- 
octagon,  (as  may  be  seen  in  the  mtswtr  Bomanesqne  portions 
of  Winchester  transept,  bat  not  in  the  older  portions,  which 
are  examples  of  the  Roman  manner,  nnaltered.)  They  alM> 
Uadtd  the  two  edges  of  the  rib,  and  then  enlarged  these 
beads  till  the  whole  became  a  dwhU  roll  with  a  mere  fillet 
between  them,  whence  the  transition  is  easy  to  the  deeper 
and  more  varionsly  moulded  Taolt-ribs  of  the  Early  and 
Complete  Gothic. 

Bat,  meanwhile,  important  improvements  were  made  in  the 
general  forms  of  the  yaalting,  till  a  new  principle,  Tery  differ- 
ent from  that  of  the  Romans,  was  established.  We  shoold 
observe  that  the  interpenetration  of  two  pointed  vaalts  (as 
well  as  of  two  roand  ones)  coold  only  prodace  elliptical 
lines,  or  else  lines  of  doable  curvature,  (for  two  cylindrical 
sur&ces  can  intersect  in  no  plane  curve  except  an  ellipse,) 
yet  the  early  Gothic  architects  rarely  made  their  groin-ribs 
elliptical,  and  never  deviating  from  a  vertical  plane.  These 
ribs  were  usually  simple  pointed  arches  (of  circular  curvature,) 
thrown  diagonally  across  the  space  to  be  groined  ;  and  the 
four  arches  over  the  sides  of  this  space  were  equally  simple, 
the  only  care  being  that  all  these  arches  should  have  their 
vertices  at  the  same  level.  The 
shell  of  the  vault,  therefore, 
between  these  ribs  was  no  regular 
geometric  surfetce,  but  simply  such 
as  might  have  been  formed  by 
laths  laid  across  from  rib  to  rib. 
This  shell  is  often  no  more  than 
six  inches  thick,  whUe  Roman  ^^^^^^^  ^  ,^^  ^^^j^,  ^^^^^ 

vaults  of  the  same  span  would  ▼•ultlng:  a  a  a,  froln-rib!«;  hbhbbb, 
.  ,  ^,  ^         0     .  alde-rnw  or  arches  boanding  the 

have  been  three  or  four  feet  eompartment. 

The  difference  of  principle,  then,  was  that  the  Romans 
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made  their  Ywlirmrfaees  geometrically  Tegular,  aad  left  the 
gr<ms  to  take  their  chance ;  while  the  early  Freemaflons 
made  their  groins  (i.  e.,  ribs)  geometrically  regular,  and  let 
the  mtermediate  surfaus  take  their  chance.  ThiE  was  a  yast 
improvement  both  in  constmction  and  in  art ;  constnictiYely, 
becanse  the  groins  are  really  the  supporters  of  the  whole 
work ;  and  artistically,  becanse  the  eye  takes  cognizance 
of  ImUf  not  snrftkces  ;  and  while  it  is  offended  by  the  double 
curvature  of  the  groins  in  Diocletian's  baths,  it  scarcely 
detects  the  winding  and  irregnlar  forms  of  the  Gothic  vault- 
surfaces. 

We  need  hardly  observe  that  these  winding  surfaces  were 
not  formed  of  cut  stone  but  of  stucco,  the  shell  itself  beii^ 
merely  a  rubble-work  of  the  lightest  minerals  to  be  had,  or, 
in  this  country,  chalk.*  The  Byzantines,  long  before,  had 
diminished  the  thrust  of  their  domes  by  building  them  of 
pumice-stone,  hollow  bricks,  or  pots  (a  practice  revived  by 
•that  excellent  master  of  construction.  Sir  J.  Soane)  ;  and  a 
similar  motive  led  to  the  adoption  of  the  material  called  by 
monkish  writers  tojpkus,  volcanic. 

The  English  masons,  who,  during  the  Romanesque  period^ 
had  been  but  timid  followers  of  the  continental  ones,  be- 

*  This  economical  mode  of  y&alting  has  now  fallen  into  disuse  ;  but  It  was  ap- 
plied with  perfect  suooeM,  in  1819,  in  constructing  a  pointed  rault  6f  the  almplert 
kind,  oyer  the  RomaneHqne  nave  of  Christohurch,  Hantti,  the  d?agonal  span  being 
about  81  feet.  The  Outhic  masons,  howerer,  at  leust  in  this  country,  seem  to  have 
feared  its  application  to  woito  with  a  wider  groin- span  Chan  40  feet ;  for  in  thhi 
manner  are  constructed  the  ceilings  of  all  the  KngHsh  cathedrals,  with  two  e3D> 
eeptions,  York  and  Winchester,  which  have  somewhat  wider  diagonal  spans  than 
the  rest.  Tlie  nave  vaults  of  Winchester  are  entirely  of  cut  stone,  like  those  of 
the  &mous  clmpels  at  Ely  and  Cambridge,  and  (without  the  ft-Htered  panelUng  of 
the  latter)  are  not  inferior  in  beauty  and  extent  to  any  woi^  of  the  kind  ;  but  th« 
choir  of  the  same  cathedral,  and  the  whole  of  York,  have  sbsm  vaults  of  wood 
and  plaster, — the  only  instances,  perhaps,  of  Gothic  deception.  At  present,  such 
deceptions  are  the  only  vaultings  made.  Their  uselessness  is  shown  by  the  '^wo 
dbastrous  fires  at  York  Uinster,  now  said  to  be  '  restored,^  that  is,  prepared  for  a 
third  conflagration.  Many  other  cathedral  roo£s  have  caught  fire,  but  anttained 
hardly  any  damage,  all  supply  of  air  firom  below  being  cot  off  by  the  flre-proof 
ceiling.  The  duomo  at  Milan,  the  abbey  of  Bat«.lha,  and  Redcliffe  church,  Bristol, 
have  flre-proof  roqfk  as  well  as  ceilings  ;  so  that  the  two  former  are  permanent, 
undecaying  structures,  and  the  latter  would  be  so,  but  for  the  VaOaMS  of  ite 
atone. 
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came,  dariog  the  Qothic  period,  their  masters,  and  construc- 
tcd  many  vaultings  which  for  beauty  and  geometric  perfee- 
tion  hare  no  parallel  abroad.  Indeed,  the  defect  of  the 
winding  surfaces,  though  carried  to  a  great  extent  in  the 
boldest  foreign  yaultings,  seems  to  have  been  hardly  tolerar 
ted  in  England, — ^being  here  confined  to  the  earliest  works, 
as  Salisbury  cathedral.  In  the  next  step,  the  groin-ribs 
were  elliptical,  as  in  the  choir  of  the  Temple  church  ;  and 
hence,  when,  in  approaching  the  complete  Gothic,  intermedi- 
ate ribs  were  inserted  between  these  and  the  original  arches 
over  the  sides  of  the  plan  (as  in  the  south  and  west  sides  of 
Westminster  abbey  cloisters,)  these  ribs  also  had  elliptical 
curvatures  different  from  those  of  the  groins,  in  order  that 
the  vault  of  cut  stone  built  upon  them  might  have  a  regular 
cylindrical  surfaced* 

It  was  well  observed,  however,  by  Ware,  that  "  the  Ro- 
mans, the  Byzantine  Greeks,  the  Freemasons,  and  the  mod 
em  bridge-builders,  successively  tried  the  ellipse  in  architec- 

'  •  In  thMe  GUM,  u  each  pair  of  ribi  ih*t 
meet  at  a  point  not  oyer  the  centre  of  the 
}  laa,  fbrm  a  iMmiitg  orcA,  tending  to  fall  to- 
irardstbeeeatrtttliiiitendeneyhaato  be  re- 
listed bjr  a  rid{i&-rib  extending  from  the  cen- 
tre to  the  junction  of  the  last  pair  next  the 
■ide  of  the  plan  ;  bat  there  la  no  reaeon  for 
its  extending  quite  to  the  aide  arch,  though  it 
ufloalljr  doen  no  in  England.  In  the  annexed 
figure,  the  ridge-ribs  are  shown,  as  in  foreign 
•xamples,  continued  no  farther  than  is  neces- 
sary. In  England,  iiitennediate  ribs  and 
ridge- ribs  appeared  in  the  later  Early  English 
(as  at  Westminster,)  and  became  quite  gene- 
ral in  the  Mid-Gothic  (as  at  Exeter,  Lincoln, 
and  Litchfield;)  but  abroad,  these  features  are 
confined  to  the  declining  Gothic,— not  ap- 
pearing till  at  least  a  century  later  than  with 


Compartment  of  Taulting.with  rib« 
of  sfo  different  cnrratures :  ▼i*- 
fffoln  ribs,  two  kinds  ottids  ribs,  of 
fyrmereta,  one  iniermadMs  rib  or 
U&rcoron  on  the  wide  rault,  and  two 
on  the  narrow  Tault.  Whichorer  of 
these  six  be  made  cireuhur,  the  re- 
maining flye  must  be  elliptical,  if  th« 
surfaces  are  cylindrical. 
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tore,  and  rejected  it."  The  trial  which  the  Qotfaic 
gaye  it  was  exceedingly  short,  and  has  accordingly  escaped 
the  notice  of  many  inquirers ;  bnt  howev^  few  the 
examples  of  Early  English  elliptic  groining  may  be,  we  most 
not  pass  over  so  important  a  link  in  the  history  of  the  style. 

The  elliptic  groin-rib  seems  to  hare  been  first  tried  a  short 
time  previoos  to  the  invention  of  the  intermediate  or  tiareerom 
ribs,*  and  to  hare  been  abandoned  yery  soon  after  that  in- 
vention ;  and  I  think  the  examples  containing  elliptic  corves 
will  be  found  to  present  generally  another  pecoliarity,  viz., 
that  the  coorses  of  the  masonry  all  run  horizontaUff ;  while 
in  both  the  preceding  and  sncceeding  examples,  they  take, 
between  each  pair  of  ribs,  a  position  equally  inclined  to  the 
two  ribs ;  so  that,  meeting  the  ridge-piece  obliquely,  they 
are  received  by  a  number  of  saw-like  teeth  cut  in  its  sides. 

Thus  the  abandonment  of  sim^  circular  ribs  for  dlijitic 
ones  was  an  improvement,  and  the  rejection  of  elliptic  for 
false  dliptiCf  or  compound  circular  ones,  was  a  further  improve- 
ment, as  was  indeed  every  change  in  the  general  form  of 
vaults,  down  to  the  very  latest  examples,  but  it  was  other- 
wise with  their  decoration.  This,  like  the  decoration  of  all 
the  other  features,  attained  its  artistic  culminating  point 
during  the  fourteenth  century,  and  during  the  prevalence  of 
this  pseudo-elliptic  method  of  rilnlrawing. 

In  the  formation  of  the  compound  circular  ribs,  three  con- 
ditions had  to  be  observed, — 1st,  that  the  change  from  one 
radius  to  another  should  be  effected  without  an  angle,  i,  e., 

•  The  French  haT«  pnwrvA  some  of  the  old  nikmea  of  the  chief  rftolting  fisa- 
turee,  among  which  Uerotrom,  applied  to  an  intermediate  rib  between  the  groin 
and  th«  side  of  the  compartment,  and  formtirtA  to  the  rlbB>brmln^  or  enclosing 
each  main  compartment,  seem  nsefol.  In  England,  the  ridge-rib  preceded  the  tier-  '• 
eeron,  for  we  find  it  in  Sali«bary  chapter-house  and  the  chancel  and  transept  of 
WeHtminster  ;  while  the  tierceron  %[i>yfvut%  onljr  in  the  nave  of  that  bailding  la 
both  thoM  examples,  a  refined  tacte  led  to  making  the  ridge  feature  quite  different 
from  the  ribs,  beoanse,  being  not  a  support  but  a  pendent  load,  it  required  delicacy 
iaatead  of  strength,  and  therefore  consists  not  of  mouldings,  bat  (at  Salisbury 
wfaoUr,  and  at  Westminster  parti/,)  of  undercut  foliage.  The  htter  praetioe  of  ma- 
king tt  represent  a  rib  is  a  fitlsehood,  when  there  are  no  tierecroas  or  leaning 
wrohesto  be  distended  by  it    Without  tbaon  tt  is  a  mere  onament 
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that  the  two  arcs  shanld  hare  a  common  tangent  at  tlie 
point  where  this  change  occnrs  ; — 2nHy,  that  the  feet  of  aU 
the  ribs  shonld  have  the  same  radins,  and,  in  fact,  be  exactly 
shnilar  up  to  the  lerel  at  which  they  completely  separate 
from  each  ether  ;  for  otherwise  this  separation  would  occnr 
at  different  heights  between  different  ribs,  which  has  a  yery 
bad  effect  ;* — 3rdly,  that  from  this  point  upwards  their  cnr- 
Tatnres  should  be  so  adjusted  as  to  make  them  all  meet  their 
fellows  at  the  same  horizontal  plane,  so  that  all  the  ridges 
of  the  yault  may  be  on  one  leTel.f 

The  pseudo-elliptic  vaultings  are  more  pleasing  than  the 
truly  elliptic  ones,  on  account  of  the  greater  yariety  arisiug 
from  the  plain  portions  not  forming  parts  of  one  continued 
surface  ;  so  that  no  rib  can  strictly  be  called  a  sv/rfacd^rib, 
though  that  name  is  commonly  given  to  all  except  the  groins, 
ridge-ribs,  and  wall-ribs  or  formerets  next  the  wall. 

But  the  geometrical  nicety,  not  to  say  difficulty,  of  such 

•  ThiB  precaution  was  equaUj  neoewary  in  the  case  of  the  elliptic  ribe,  and  !■ 
observed  moet  accurately  in  the  yaultlng  of  the  Dean's  Yard  paiflage  above  men- 
Uoned,  which,  though  rimple,  ia  a  moet  splendid  piece  of  architectural  geometry. 
In  thedomay  eootrlrancee  pcecedlag  thle,  the  ribe  eprong  from  the  capital,  not 
only  with  diffeTent  curraturee,  bat  with  different  inclinatlona,  the  centres  of  acme 
or  aU  being  lower  than  the  aprlnging.  Afterwarda  thia  waa  not  allowed.  ▲  condi- 
tion waa  loipoaed  firat,  that  they  abould  all  apring  verUeaUff,  and  then,  all  toitt 
equal  radU.  The  problems  thua  arising,  rendered  a  eingle  rib  a  work  of  more 
thought,  than  a  whole  building,  to  many  modem  archltecta. 

t  When  they  are  not  at  the  aame  level, 
either  the  ridges  must  have  a  domical  nse 
(as  in  moat  foreign  examplea,)  which  givee 
them  a  pnah  againat  the  enclosing  arches,  as 
at  St.  Sophia,  and  la  therefore  objectionable; 
or  else  the  lower  vaolt^  if  it  have  a  level 
ridge,  win  at  its  Intersection  with  the  side  I 
of  the  higher,  form  a  leaning  arch  (called  a 
ITebAarch,)  which  is  aupported  by  the  ribe 
above  its  vortex.  Thia  construction  was  not 
common  in  the  pure  Gothic,  though  exam- 
ples occur  in  the  beautiful  domed  kitchen  at 
Durham,  and  in  Winchester  cathedral  nave  ; 
In  the  latter  unnecessarily,  for  the  side 
arches  rise  as  high  as  the  main  vault,  but 
theh-  ridges  dttoend  towards  ic,^a  decided 
defect,  as  It  causes  them  to  push  inwards  Wlneheater  vaulting  (bird's  eye  vifur 
tOia«t  its  hannchea  or  weakest  parts.  and  pUn  of  one  compartment.) 
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works,  led,  in  the  fifteenth  centorj,  to  %  siiiiplificatfoii  of 
their  general  form,  yet  admitting  of  indefinite  increase  in  the 
decoration.  This  was  the  beautifol  inyention  of  what  is 
called  f(m4ractnf  vatMttgf  (jerj  improperly,  for  a  fian-like 
arrangement  of  ribs  may  be,  and  often  is,  applied  to  the  snp* 
lace  oi  any  kind  of  vanlt.) 


This  invention  might  prop- 
erly be  termed  palm  vanlting, 
or  geometrically,  the  eonoidal 
or  concavo-convex  vaulting. 
This  regularity  is  shown  in 
the  engraving,  where  it  will  be 
observed  that  the  portion  of 
vault  springing  from  each  pil- 
lar has  the  form  of  an  inverted 
concave-sided  jyrawiiii,  its  hor- 
izontal section  at  every  level 
being  square  or  rectangular. 


BMteagolar  Vftolttoff-pynMud 
aa  a  »y  ffroia.iilM. 
h  b  b,  flbrmcrvtt. 
o  0,  tierceront 


This  unprovement,  not  yet  develop- 
ed fully,  is  shown  in  these  engrav- 
ings, the  first  of  which  is  a  view  of 
the  porch  of  St.  Sepulchre  New-at  , 
gate,  and  the  next  of  a  porch  at 
Guildhall. 

In  the  above  example  (St.  Sep- 
ulchre) it  will  be  observed  that  the 
ribs,  rising  all  to  an  equal  height, 
have  a  lozenge  of  flat  ceiling  in  the 
centre  of  each  compartment,    ani 


BnagoMd  VaoltlaK^pjnuBid, 
ImiMrfiBctiy  (torelofed. 
Bi.  Btpulobie,  K«wgat« 
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,  as  in  the  early  vault-         ^^qwOclirTatare. 


tSiis  space  wonld  be  larger  in 
the  more  perfect  development 
of  this  method.  Hence  on  a 
large  scale  it  is  necessary  that 
the  space  should  be  domed, 
and  this  is  most  consistently 
done  by  simply  continuing  the 
ribs  with  nni^tered  curvature, 
till  they  meet  and  fom  two 
rid 

Ings,  with  this  difference,  that  here,  as  the  ribs  have  all  the 
same  radius  and  ditfepent  lengths,  they  must  all  rise  to  dif- 
ferent heights  before 
meeting,  so  that  the  ridg- 
^  are  not  levd,  as  in  the 
early  vaulting,  but  grad- 
ually descend  every  way 
from  the  centre  point, 
which  is  the  highest  in 
the  vault.  These  arches, 
described  from  four  cen- 
tres, soon  found  their  way  C«iold»l-T»nltli«,  King's  college  ch»p«l,  Oam- 
teU^  (akieleton  lines  of  one  eomptftment.) 

from  the  vaulting  into  all 

other  parts  of  the  building,  and  became  a  distinctive  style 

called  Thidor. 

The  Tudor,  or  four  centred  arch,  is  not  necessarily  flat  or 
depressed.  Its  chief  advantages  are,  that  it  can  be  made 
of  any  proportion,  high  or  low,  and  always  with  a  decided 
angle  at  the  vortex  ;  whereas  the  common  Gothic  must  al- 
ways be  of  a  higher  proportion  than  a  semi-drcle. 

From  this  style  arose  the  "  depressed  Tudor,'^  with  the 
aspiring  lines  of  the  Gothic,  and  the  peculiarities  of  the 
Tudor. 

The  essential  parts  of  one  quarter  of  a  compartment  are 
showii  towards  the  left  hand  of  the  aecompanying  figure.    It 
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will  be  seen 
^that    the 
^  whole   rests 
on  the  great 
arch  aa^dJt- 
Tiding     one 
c  ompart* 
is  of  the  two* 
tanlted  conoids 
had    been  made  to  follow  its  corvatnre, 
and  spring  with  it  from  the   same  ori- 
gin, they  woold  obTionslj  so  intersect  as  to  leaye  for  the 
clerestory  window  nothing  bnt  the  small,  inconyenient,  lan- 
cet-formed space,  shown  by  the  dotted  lines  at  b.    To  gain 
height  and  space,  therefore,  for  these  windows,  the  main  co- 
noids are  made  to  spring,  not  from  the  foot  of  the  arch  a, 
bat  from  a  point  c,  abont  half-way  up  its  cnrre ;  and  the 
ribs  diverging  thence  in  every  direction,  form,  of  coarse,  not 
merely  half  bat  entire  conoids  and  it  is  no  sn^all  advantage 
that  the  lateral  thrnsts  of  all  these  ribs  destroy  each  other  : 
bot  their  downward  pressure,  embracing  the  collected  weight 
of  nearly  the  whole  ceiling,  concentrated  on  the  two  points 
c  c  of  each  arch,  is  a  serions  defect  with  the  present  form  of 
arch,  for  it  properly  demands  an  arch  with  casps  at  c  c,  as 
well  as  at  the  vortex  ;  and  thoagh  the  thretfoinUd  arch  thos 
formed  might  be  anpleasing  in  ordinary  sitnations,  it  wonld 
be  beaatifal  here,  because  statically  correct.*     It  might 
have  been  obtained  without  interfering  with  the  general  de- 
sign, either  by  bringing  up  a  highly  inclined  rib  from  some 

*  Tbit  prop«rt7  ^  archM  (by  which  Moh  pretsiir*  ooii«eiitimt«d  oa  a  point  calls 
iMr  a  OQcp  at  that  point,  and  each  coap  calla  for  a  ooneentration  of  prcnraro  on  it,) 
maj  be  shown  bj  the  eatenarfj  which  becomes  an  inrerted 
Gothic  arch  whenerer  a  weight  Is  suspended 
Hookers  disooTcrj,  "ut  pendet  oontinnnm  flezUe, 
oontU^num  rifldnm  inversam,"  is  a  motto  never  1 
in  Gothic  bailding.     A  French  street  lamp,  or  i 
«»y  than  teach  the  architect  important  lessons  ;  i 
the  equllibriam  of  some  of  the  boldest  Taultlngs  was  insoiod  by 
nperiments  on  ^jstema  of  chains  repreaentii^  the  rite  inrwlod. 


r  a  concentration  of  pressnre  on  it,) 
mes  an  inrerted  '^  v 

)d  firom  one  link.     \  / 

Bezae,  sic  stabit      \  / 

Br  to  be  forgotten        \  / 

r  a  spider*s  web,         ^^^w/ 
u  ;  and  perhaps  jL 
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point  below  gy  to  gire  additional  support  to  the  point  c,  or 
else  bj  throwing  a  flat  arch  across  from  c  to  c,  whose  lateral 
thrust,  by  combining  with  the  downward  pressure  on  these 
points,  would  turn  the  resultant  more  aside,  into  the  bodj 
of  the  rib  a. 

The  variety  of  currature  in  compound  arches  often  gives 
them  a  peculiar  graoe.*  But  the  "  depressed  "  Tudor  arch 
is  not  a  ntotssa/ry  adjunct  to  conoidal  vaulting,  and  the  gof^ 
geoas  chapel  of  Henry  YII.  presents  us  (if  we  can  look 
through  the  disguise  of  meretricious  ornament)  with  a  noble 
attempt  to  combine  the  advantages  of  this  vaulting  with  the 
aspiring  expression  and  small  lateral  thrust  of  the  high  two- 
centred  arch.f  The  singularly  complex  vaulting  over  the 
clerestory  of  this  chapel,  seldom  rightly  understood,  becomes, 
when  divested  of  its  inessential  parts,  quite  intelligible,  if  we 
remember  the  architect's  object,  to  combine  the  most  recent 
constructive  science  with  the  artistic  expression  of  an  earlier 
style,  and  this  in  the  face  of  a  great  difficulty,  arising  from 
the  unusually  oblong  plan  of  the  compartment  (nearly  thrice 
as  long  as  its  breadth),  which,  if  treated  by  the  Cambridge 
method,  would  have  required  an  exceedingly  depressed  arch, 
hardly  practicable,  or  at  least,  by  its  great  lateral  thrust, 
requiring  most  clumsy  expedients  on  the  outside  for  its 
abutments. 

•  The  tline  folUwlag  pcrfata  ahould  b*  attead^  to  in 
Umm  arckttt : 

1.  Their  effect  malnljr  depend*  OfB  the  ugiilar  extent 
or  the  loiver  eiurre,  whieh,  in  good  eznmplea  ie  not  j 
•DOTO  then  66*,  nor  leee  then  46*. 

S.  The  ndine  of  the  npper  eonre  Twlei  ihnn  Ii0<oe 
to  Bore  than  fte  Mmei  the  radios  of  the  lower ;  hot 
gonenUy  speaking,  the  greater  their  disproportion, 
the  more  obyions,  and  therefore  the  lees  pkasiag,  Is 
the  snAAen  change  of  enrratnre. 

3l  It  was  a  common  (bat  not  a  general)  mle  to 
place  the  lower  centres  vertically  below  the  upper  and 
opposite  ones  thns  :  Fotur-eentivd  areh. 

f  Sbiee  writing  this,  T  hare  seen  two  ether  examplee  of  this  most  refined  -tanlt- 
work,  In  the  Gsthedral  and  DiTlnltr  School  at  Ozftwd.  They  are  aUtkree  neaity 
•sMtMoponrr,  M  ibftt  the  prtefty  of  «be  tBTeatiea  may  ba  denbtlUL 
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Bat  to  return^  the  conoids  springing  from  c  c  would  snffiea 
to  corer  the  whole  plan,  but  the  semi-arches  formed  between 
them  and  the  wall  would  have  been  far  from  pleasing,  besides 
exerting  a  push  against  the  top  of  the  wall,  where  it  co'ild 
not  be  conreniently  resisted  (because  not  collected  into  a 
single  resultant  J  The  conoids  are  therefore  opposed  by 
corresponding  half-conoids  springing  from  between  tho 
jrindow-heads  at  e,  and  to  meet  their  outward  thrust,  an 
additional  range  of  flying  buttresses  is  provided,  above  the 
common  or  lower  range,  which  take  the  thrust  of  the  arches 
A.  The  two  flying  buttresses  are  distinct,  though  connected 
by  a  web  of  open  tracery,  which  also  Alls  the  space  a  a. 

So  far,  if  the  constructive  principles  of  this  ceiling  had 
been  displayed,  instead  of  disguised,  it  would  (whether  much 
or  little  ornamented)  have  been  as  much  admired,  and  per- 
haps imitated,  as  it  has  actually  been  wondered  at  and  con- 
demned. But  the  disguise  may  be  thus  accounted  for :  as 
the  ribs  of  the  conoids  and  half-eonoids  do  not  spring  verti- 
cally from  their  origins  at  c  and  «,  their  intersection  would 
form  a  segmental  arch  (with  angles  at  its  springmg) ;  but 
this  not  being  a  graceful  form  of  wiudow-head,  its  angles  are 
rounded  off^  and  to  correspond  with  this  and  leave  no  portion 
of  the  wall  unoccupied,  the  half-conoids  are  prolonged  down- 
wards into  the  form  shown  in  dots  at  e.  But  uniformity  was 
carried  too  far  in  making  the  main  conoids,  c,  assume  the 
same  form,  for  this  gives  them  fas  shown  at  e)  the  air  of 
huge  pendents,  for  which,  indeed,  they  are  often  mistaken.* 
It  is  needless  to  say  that  the  only  real  pendents  are  those 
hanging  from  the  centre  of  each  compartment,  as  f^om  d; 

•  Another  nnfortunate  di«gaiM  weUtu  from  th«  foUatioa  applied  to  the  rib  a, 
whieh  ndQcea  that  important  member  to  apparent  iaaignifleance.  Wheta  strength 
la  required,  it  ihould  not  only  exist,  bat  appear.  Bold  and  simple  monldinga 
ahoald  bare  snffloed  for  the  decoration  of  the  main  stem,  which  so  beautifully, 
like  the  leaf-stalk  of  the  fan-palm,  supports  its  spreading  burden,  from  which  the 
artist  might  also  hare  learned  the  necessity  of  an  angukr  bend  at  e.  The  pliancy 
«rthe  Tegetable  structure  and  the  brittle  rigidity  of  the  stone  do  not,  in  this  r»- 
•peet,  lead  to  diflerent  oonstruottYe  prioelples,  sanee  the  temt&nc^  in  the  former, 
and  the  aim  m  the  hiiter,  ace  aUk»-4o  ATetd  aU  but  oooyrwetfe  forces. 
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nd  these,  wMdi  ooeor  also  ia  tlie  flftme  atoatioD  in  the 
•asteB  of  this  boilding;  at  St.  George^s  chapel,  Windstw,  and 
in  many  fcnreigiL  buildings  of  an  earlier  date,  are  not,  as 
laany  suppose,  nseleaa  excrescences:  they  serre,  like  the 
fidge-nbs  and  bosses  of  a  purer  style,  to  supply  that  load  on 
tiie  vortex  which  the  eqoilibriimi  of  the  pointed  arch  not 
only  adnuts,  bat  requires.  The  abuse  of  these  memberfi 
asose  when  they  were  formed  into  the  semblance  of  ribbed 
and  paneled  conoids, — features  of  snpport,  apparently 
pointing  to  f  and  therefore  demanding^  supports  from  below. 

II.  On  the  gmeral  plans, — Before  proceeding  to  examine 
the  other  parts  of  the  Gothic  system,  it  is  necessary  to  glance 
at  the  peculiarities  of  its  buildings  in  general  plan  and  out- 
line. These,  though  all  derired  from  the  well-known  basilica, 
will  be  found  to  present  many  differences  rather  depending 
on  place  than  time.  There  hare  been  plans  peculiar  to  cer- 
tain countries  and  eyen  prorinces ;  and  these  peculiarities 
seem  to  have  maintained  their  ground  for  centuries,  unaf- 
fected by  the  changes  in  decoratire  style.  Thus  the  churches 
with  two  chancels,  and  those  with  a  transept  near  each  end, 
are  peculiar  to  Germany ;  those  with  two  transepts  near  the 
centre,  to  England  ;  and  double  or  dipteral  aisles  are  a 
southern  feature  hardly  to  be  found  north  of  Paris.  So  also 
the  apse,  (i.  c,  semi-circular  or  semi-polygonal  termination,  j 
which  was  always  universal,  or  yery  nearly  so,  on  the  Con- 
tinent, is  rather  an  exception  than  a  rule  in  England ;  while 
the  central  tower  or  lantern,  so  generally  and  largely 
developed  in  England  and  Normandy,, hardly  occurs  in  the 
rest  of  France.  Towers  detached  from  the  church  are 
almost  confined  to  Italy;  and  pairs  of  towers  in  the  rentrant 
angles  (a  very  beautiful  feature  common  over  eastern 
Europe)  hardly  advanced  west  of  the  Rhine. 

Some  Eastern  peculiarities  of  form,  as  the  square  and 
short  cross  plans,  were  introduced  by  Greeks  into  the 
Adriatic  side  of  Italy,  but  spread  no  farther,  because  the 
Romish    ritual    involving    processions    required    lengthy 
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dnurdies,  aTenues,  and  aisles.  No  sach  reasons,  howerer, 
can  be  gi?en  for  the  other  local  peculiarities  of  plan,  whick 
must  be  referred  to  the  pecoliar  tastes  of  different  nations. 

The  inyentiye  fancy  of  the  Germans  seems  to  haye  led 
them  to  try,  daring  the  Bomanesqae  period,  every  possible 
combination  of  form  consistent  with  great  length  and  the 
cradform  plan ;  or  else  the  dnrabilitj  of  Uieir  stone  has 
preserred  to  ns  a  greater  number  of  these  early  experiments 
in  Germany  than  elsewhere.  Seyeral  of  the  oldest  chnrches 
of  Cologne,  (St.  Mary  in  the  Capitol,  St.  Martin,  and  the 
Apostelnkirche,  j  as  also  St.  Qolrin,  at  Nenss,  and  the  noble 
early  pointed  chorch  at  Marburg,  present  a  plan  which, 
though  classed  among  Latin  crosses,  seems  to  form  a  link 
between  them  and  the  Greek.  The  latter  term  is  applied  to 
a  cross  with  all  its  limbs  nearly  equal,  and  generally  yery 
short,  while  the  form  now  spoken  of  has  three  limbs  eqnal 
and  similar ;  but  the  fonrth,  which  forms  the  entrance,  Ib 
considerably  lengthened.'*'  This  form  is  exceedingly  uncom- 
mon away  from  Cologne,  though  it  is  the  plan  of  the  two 
greatest  cathedrals  of  Italy,  ("that  at  Florence  and  the  mod- 

•  Xa  tongthjr  crosses  are  called  latin.  There  are  seTcral  rarleties  arising  from 
tlie  gradual  leogthentng  of  the  eastern  or  chancel  Umb,  which,  from  being  at  flnt 
the  shortest,  became  at  length  in  some  English  examples  the  longest.  We 
may  distinguish — ^Ist,  The  original  latin  cross,  resembling  a  crucifix,  the  limb  of 
entrance  being  the  longest,  and  that  opposite  the  entrance  the  shortest.  Tba 
grandest  example  is  the  cathedral  of  Flsa,  and  this  is  also  the  form  of  the  rfyw 
toty  in  the  ancient  basilicas  ;  but  their  numerous  aisles  fill  out  the  nave  to  aa 
equal  breadth  with  the  transept,  thus  obliterating  all  crucilbrm  appearance  in  the 
ground  plan.  The  second  kind  of  Latin  cross  is  that  described  above,  formed  bf 
lengthenir  g  the  chancel,  and  malring  both  it  and  the  northern  and  southern  arms 
all  similar.  Sdlj,  The  beautiful  sjmmetxy  of  this  plan  was  destroyed  by  still  ihr- 
ther  lengthening  the  eastern  Umb,  though  still  keeping  it  shorter  than  the  v»y, 
Sxam|ries  are  abundant  in  STexy  country :  the  greatest  are  Milan  and  Rheins  ( 
in  Englsad,  Bly  and  Norwich.  4thly,  The  symmetry  wss  restored  by  making 
the  eastern  and^wesum  arms  equal,  as  at  Amiens  aad  Salisbury,  the  qrires 
of  which  are  in  the  oentres  of  their  length  as  well  as  breadth.  This  is  the 
commonest  Gothic  form,  but  Its  symmetry  of  plan  does  not  appear  in  the  side 
Tiew,  because  of  the  low  chapels  forming  the  east  end.  The  eontiauation  of  the 
dereatory  to  the  extreme  end  seeau  peculiar  to  Itegland,  and  la  rvj  rare  in  laiga 
buildings  :  Qy,  IJneoln,  and  York  cathedrals  axe  examples,  but  at  the  latter  the 
eastern  limb  Is  rather  longer  than  the  westexib— a  defect  common  in  the  XtagUsh 
doabia^cMss  chntohes 
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era  Tatican  J  haying  aruen  in  the  latter  case  frcmi  the  addi- 
tion of  a  long  nare  to  what  was  originallj  intended  to  be  a 
Greek  cross.  In  all  these  cases  the  three  short  limbs  are 
either  terminated  by,  or  wholly  consist  of,  three  apses. 

Many  of  the  Romanesque  churches  of  the  Rhine  present 
an  extension  of  this  plan  by  forming  a  cross  of  this  kind  at 
each  end  of  a  long  nare,  of  which  the  finest  example  is 
the  Apostelnkirche.  Hence  arose  the  German  donble 
cross,  very  different  from  the  English,  and  resembling 
rather  this  figare,  |.  The  two  transepts,  however,  were 
never  alike  :  one  of  them,  generally  the  western,  has  square 
ends  instead  of  apses  ;  frequently  both  are  square-ended,  but 
the  extreme  ends  of  the  building  were  in  many  cases,  as  at 
Mentz,  both  apsidal,  forming  two  chancels,  and  admiting  of 
no  entrance  in  the  axis  of  the  building,  but  only  in  its  sides, 
(as  at  Worms  and  Oppenheim,)  or  on  each  side  of  the 
western  apse,  (as  at  the  very  curious  abbey  of  Laach.) 

In  later  buildings  the  western  apse  was  omitted,  but  the 
eastern  always  retained,  and  occasionally  it  was  flanked  by 
two  minor  apses  projecting  from  the  eastern  sides  of  the 
transept  arms.  This  arrangement  occurs  in  France  at  Rouen 
cathedral,  and  in  England  at  Romsey,  Hants  ;  but  in  Ger- 
many it  seems  common,  the  best  known  examples  being 
Laach,  Andernach,  and  Gelnhausen.  In  the  latter,  the  side 
apses  are  carried  up  to  form  towers.  This  triapsal  plan,  far 
inferior  in  beauty  to  that  above  described  in  the  Cologne 
churches,  arose  from  the  then  newly-introduced  custom  of 
mentation,  or  placing  every  altar  against  an  eastern  wall ; 
whence  also  the  practice  of  giving  transepts  an  aisle  on  their 
east  side  only,  destroying  the  symmetry  of  their  end  fa9ade6, 
as  at  Salisbury. 

Sometimes  a  transept  projected  so  little  as  to  appear  only 
in  the  clerestory,  and  not  to  affect  the  ground  plan,  as  is  the 
ease  with  the  lesser  transept  at  the  abbey  of  Heisterbach, 
and  the  only  one  at  Freiburg  minster,  both  of  the  Transition 
or  earliest  Pointed  period.    Both  of  these  transepts^  how- 
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evWf  are  lower  than  the  clerestory,  though  higher  thaa  tt6 
aialee,  whidi  is  a  great  detriment  to  the  oiutj  of  the  build* 
log.  The  transept  of  Notre-Dame  at  Paris,  and  the  lesser 
one  at  York,  are  of  the  same  kind,  but,  being  as  high  as  the 
main  building,  are  free  from  this  objection. 

The  Oerman  Romanesque  churches  are  not  more  remark- 
able for  these  rarieties  of  pkn,  than  for  similar  complexities 
of  outline  produced  by  their  numerous  towers,  amounting  in 
some  cases  to  six,  and  at  the  small  cathedral  of  Limburg  to 
seven.  The  crossing  of  each  transept  had  usually  a  low 
square  tower  concealed  by  the  roofs ;  four  arches  thrown 
across  the  angles  of  this,  served  to  support  the  oblique  walls 
of  an  octagonal  lantern  rising  above  the^  roo£9,  and  terminat- 
ing internally  by  a  cupola,  externally  by  a  pyramidal  roof, 
pitched  at  an  angle  of  60°,  or  more.  The  western  tower, 
however,  ("whether  placed  over  the  crossing  of  the  west 
transept,  or  at  the  extreme  west  end,)  was  usually  without 
an  octagon,  and  ended  in  a  square  pyramidal  roof,  the  sides 
of  which  correspond  to  the  angles  of  the  tower,  and,  by 
intersecting  its  sides,  form  four  high-pitched  gables.  This 
form  of  tower-roof  is  a  striking  characteristic  of  the  older 
German  churches.* 

Small  towers  or  turrets  were  placed  in  pairs,  first,  near 
the  east  end  only,  as  at  ihe  Apostelnkirche  ;  then  near  both 
ends,  as  at  Speyer,  Mentz,  and  Laach  ;  and  finally,  at  the 
west  only,  as  in  most  Gothic  churches,  where  they  assume 
greater  importance,  and  become  (at  least  on  the  Continent) 
the  principal  towers  both  for  size  and  height.  When  there 
were  two  towers  at  each  end,  the  two  pairs  were  always 
varied  in  form,  height,  and  distance  asunder.  Thus,  at 
Laach,  the  octagonal  eastern  lantern  is  flanked  by  square 
towers,  and  the  sqtuire  western  one  by  fidagonal  towers:  the 
latter  are  placed  as  far  apart  as  possible,  viz.,  at  the  ex- 

•  Ae«ordiag  to  some  «ngraving>  It  M«aj  to  be  in  fome  eues  oeta^oiud,  vfth  ft» 
angle  oyer  «oeh  aof^  of  the  aqoare  tower,  bot  Omj  are  often  oiOnteUicible  or 
Irreconcilable.  Eren  in  Moller'a  fine  work  there  are  diierepanoiee  in  thU  reepeet 
(^e  bfa  Flatei  of  Umbaiy  oathedraL) 
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trantties  of  tba  wegtem  transept,  wbUe  the  former  are  as 
near  as  po6nji>le,  viz.,  in  the  eastern  rentrant  uigles — a  posi- 
tion oonunon  in  the  oldest  German  bmldings,  and  which 
gives  to  the  eastern  view  of  the  Apoetehikirche  a  Byzantine 
and  ahnpst  mosque-like  character.  All  these  towers  termi- 
nate in  pyramids  or  quires. 

The  seven  towers  of  Limborg  consist  of  a  central  octagon 
and  spire,  two  large  square  western  towers,  with  gable  pyra- 
ndds,'^  and  four  slender  ones  of  the  same  kind,  at  the  extreme 
corners  of  the  transept, — a  rather  nnnsnal  position.  Sach 
towers,  however,  occur  in  the  great  Gothic  cathedrals  of 
Rouen  and  Bheims  ;t  and  there  is  good  evidence  that  they 
formerly  existed  in  the  Saxon  transept  ends  of  Winchester, 
but  were  removed  probably  in  the  alterations  of  1010* 
Historic  mention  is  made  of  a  tower  or  towers,  also  at  the 
east  end  of  that  immense  Romanesque  pile,  which  must  have 
been  hardly  inferior  to  that  of  Speyer. 

There  are  also  instances  of  pairs  of  towers  so  attached  on 
each  side  of  the  church  as  to  form  themselves  a  transept 
This  occurs  sometimes  at  the  west  front  in  all  countries,  as  at 
Rouen  cathedral,  Lincoln,  and  Wells.  Again,  two  buildings 
on  the  extreme  confines  of  the  Gothic  Bway,|  perhaps  the 
easternmost  and  westernmost  examples  of  pure  Gothic,  agpree 
in  one  great  peculiarity.  Exeter  and  Vienna  present  instances 
g(  the  only  transept  being  formed  by  two  towers  built  against 
the  sides  of  tiie  church. 

^  A  eoDTenient  name  for  the  fonn  of  roof  abore  described. 

t  Tbese  towen  pomeei,  both  at  Bouen  and  Rheims,  a  peetdbff  and  rathef  elegant 
clbtrMter.  Thcgr  nse  no  hi^^kMr  tSian  tlM  main  tootf  are  lees  om4te  tlian  th*  red 
of  the  building,  and  hare  each  face  occupied  bj  one  lofty  unglased  window,  or 
open  aiehf  divided  Into  two  lighta  hy  a  rwj  slender  shafl. 

t  Hm  gteognphieal  range  of  the  Oothlo  atyle  cannot  be  Texy  exactly  defined, 
owing  to  tha  habit  which  eafltero  travelers  have,  of  calling  ererything  that  con> 
tains  a  pointed  arch,  Gothic.  It  seems,  however,  to  extend  as  far  s.  ■.,  as  Corfu, 
OP  perhaps  Bbodes,  and  ir.  w.,  to  Iroland ;  M.  ■ ,  to  theBaMo  lale  of  Gottiand,  and 
8.  ▼.,  to  the  oceanic  isle  of  JCadetra,  where  the  extravagantly  debased  nicbee  of  the 
cathedral  of  Fnnchal  famish  (in  the  Arst  modem  colony)  the  last  expiring  effort 
of  mediaeval  art :  goograplxically  placed  between  two  worlds,  It  seemt  fitly  to  stand 
beiweea  two  historical  epochs. 

20 
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The  Gothic  bnildiiigs  of  Frana,  though  more  magnifieeiit, 
present  less  variety  of  form,  and  far  less  external  beauty, 
than  those  of  either  Germany  or  England.  Their  compart* 
sou  with  the  latter  shows  some  great  differences  in  general 
design,  which  we  will  endeavor  to  trace. 

The  year  1219  is  remarkable  for  the  foandation  of  two 
cathedrals  of  the  largest  class,  one  in  France  the  other  in 
England — Amiens  cathedral  and  SaUsbory  cathedral ;  one 
French  Gothic,  the  other  English.  Oar  limits  forbid  a 
comparison  of  their  respective  merits. 

We  should  observe,  that  the  churches  of  Normandy  (espe* 
cially  the  three  magnificent  ones  at  Rouen)  approach  the 
English  rather  than  the  French  type.  They  exhibit  their 
lengthy  proportions,  (every  other  dimension  seeming  sacrificed 
to  lineal  extent,)  their  strongly  marked  transept  and  outer 
buttresses,  and  their  great  central  feature  predominating  over 
the  western  towers,  which  in  France  were  generally  the 
principal  ones.  Normandy  seems  always  to  have  formed 
architecturally  an  English  province  ;  and  the  observer  who 
goes  from  Westminster  to  Rouen,  goes  from  a  French  build- 
ing to  English  ones. 

The  greater  proportion  of  height  to  breadth  in  the  French 
Gothic  avenues  is  not  a  general  feature  ;  the  great  majority 
of  such  vistas,  in  all  countries  alike,  having  the  hdg^t  equal 
to  twice  the  breadth.  A  higher  proportion  is  confined  to 
buildings  of  the  largest  class ;  for  the  larger  they  are,  the 
greater  may  this  proportion  be  without  appearing  excessire. 

It  might  be  supposed  that  the  introduction  of  arching,  by 
enabling  wider  spaces  to  be  covered  than  by  lintels,  while  at 
the  same  time  it  required  more  extent  of  abutment  (for  the 
same  width  of  span),  the  higher  it  was  raised  above  the 
ground  would  for  both  these  reasons  have  led  to  openings  of 
a  lower  and  wider  proportion,  both  in  windows,  arches, 
avenues,  and  entire  buildings.  But  this  was  not  the  case,  at 
least  not  in  ecclesiastical  buildings,  the  designers  of  which 
continued  to  be  fully  aUve  to  the  majesty  of  tall  ^t^portioni, 
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•Ten  wbea  obtained  at  the  expense  of  space  and  eonyemenee  ; 
and  thej  nerer,  till  the  latest  period  of  the  style,  admitted 
archways  for  any  purpose,  great  or  small,  lower  than  twice 
their  breadth  This  was  also  the  proportion  giren  to  nngle 
openings  by  the  classical  ancients,  not  only  in  doors  and 
windows,  bat  in  distyle  porticoes  (as  those  of  the  Tower  of 
the  Winds.)  Bat  it  seems  to  haye  often  escaped  notice,  that 
in  both  systems  the  placing  of  several  openings  side  by  side 
(at  least  externally)  renders  a  taller  form  necessary,  and  this 
in  proportion  to  their  number.  X  tetrastyle  portico  formed 
simply  by  the  extension  of  the  distyle,  woold  be  low  and 
sqnat ;  it  requires  to  be  nearly  sqoare  in  its  general  outline, 
if  e.,  the  height  of  its  openings  most  be  about  thrice  their 
breadth.  A  hexastyle  p<Hrtico  requires  the  columns  to  be 
placed  still  nearer  than  a  tetrastyle,  as  appears  plainly  from 
con^Mffing  the  two  porticoes  of  the  Ereditheum.  But  two 
columns  taken  out  from  either  of  these,  especially  the 
hexastyle,  would  be  quite  inapplicable  as  a  distyle  porch, 
the  fining  being  much  too  narrow.  The  prerailing  faults 
of  the  EfigHsk  Gothic  is  lowness  of  proportion. 

The  whole  internal  portions  of  Amiens  are  so  adnurable, 
that  this  model  was  closely  followed  in  two  other  immense 
edifices,  each  intended  to  haye  exceeded  every  human  work, 
but,  after  centuries  of  labor,  left  not  half  comi^ete.  Beau- 
Tais  remains  a  choir  and  transept  only  ;  Oologne  a  mere 
choir.  The  first  of  Uiese  glorious  fragments,  while  preserv* 
ing  the  proportions  of  its  model  very  exactly,  exceeds  it  in 
scale  by  about  one^ixth  :  while  Cologne  would  have  been, 
internally,  almost  a  copy  of  Amiens,  all  the  modular  dimen* 
sions  differing  only  by  a  few  inches.  The  German  cathedral, 
however,  besides  the  advantage  of  a  more  complete  style, 
would  have  had  a  strongly  marked  transept,  advancing /ouf 
sgwo/  compartments  each  way,  a  stone  central  tower  and 
pyramid  of  a  breadth  proportioned  to  the  building,  and  two 
colossal  western  towers  and  spires  as  high  as  its  whole 
leiQgth,  and  so  acQusted  that  a  straight  line  might  be  drawn 
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bom  tbeir  samiiitt,  toocbtag  that  of  the  ceotral  Luiieni  and 
of  the  e«6t  end.  This  boilding,  if  completed  exactly  accord- 
ing to  the  desigii,  would  certainly  eclipse  all  others  ci  ereiy 
age,  country  and  style. 

,  The  daomo  of  Milan,  the  greatest  completed  Gothic  stmo* 
tnre  of  Italy  or  peihaps  the  world,  also  dosdy  follows 
Amiens,  both  in  {uroportions  and  scale,  the  chief  alteration 
being  that  of  placing  the  transept  nearer  the  eastern  than 
the  western  end. 

<  Hhe  bnttress-chapeto  (or  else  double  aisles)  oi  the  conti- 
nental churches  called  for  peculiar  modes  of  roofing.  Instead 
of  one  kmgUudinal  lean-4oor  semi-roof,  there  is  commonly  a 
stparate  and  complete  roof  over  each  compartment,  but  ex- 
tending iranBvendy  oyer  both  the  inner  and  outer  aisle,  and 
terminating  both  ways  in  hips.  Such  is  the  case  at  Cidogne^ 
and  at  the  nave  and  apsis  of  Amiens,  but  in  the  choir  they 
terminate  ootwardly  in  gables, — an  arrai^^em^t  which 
seems  more  consistent  than  any  other  with  the  Gothic  prin- 
ciples. The  superb  church  of  St.  Bicqvier,  near  Abt^eyille^ 
presents  a  singular  modification  of  this.  Instead  of  eadi 
roof  covering  a  compartment,  it  cotsts  two  half-compartr 
nmitB,  making  a  gable  over  each  buttress,  and  a  gutter  orer 
eadb  window. 

As  these  modes  of  aisle-roofing  do  not  abut  a^raiust  the 
central  building,  they  do  not  necessarily  lead  to  a  triforium  ; 
and  the  clerestory  windows  might  be  continued  quite  down 
to  the  cornice  oyer  the  aisle  arches.  Such  is,  in  fact,  the 
case ;  but  the  architects,  wishing  to  retun  a  kind  of  trifori- 
um, formed  the  lower  part  of  these  windows  into  a  yery  nar- 
row one,  not  lighted  from  within,  as  with  us,  but  admitting 
l^ht  from  without.  These  galleries  are  formed,  as  it  were, 
in  the  thickness  of  the  wall, — ^if  that  can  be  called  a  wall 
which  consists  Only  of  two  fairy-like  lurcades, — ^the  onter 
glared,  the  inner  left  open.  The  shafts  of  both  are  of  the 
utmost  slendern68S„  haying  nothing  to  support  but  the  walk 
abwie,  q)en  to  the  exterior,  and  the  fi^ass  of  the  derestoiy 
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window  ;  and  hence  there  is  no  wide  arch  spanning  the  whole 
oompartment,  or  at  least  half  of  it,  as  in  English  triforia. 
While  ^he  blind  triforiom  at  Abbeyille,  with  tracery  and  par- 
apets yaried  in  each  compartment,  is  ezqnisitelj  beantifdl, 
these  hminoui  triforia  at  Cologne,  Amiens,  Beanrais,  and 
St  Caen,  by  admitting  light  where  we  commonly  see  solid 
wall  or  dark  openings,  produce  an  effect  our  Gothic  nevw 
reached. 

Dr.  Mdller  obserres,  that  the  Oothic  churches  of  Hesse 
are  mostly  without  clerestories,  but  does  not  say  whether 
their  outer  roofs  all  resemble  that  at  Marburg, — an  interest- 
ing question,  as  this  kind  of  building  (which  has  its  own  pe- 
culiar style  of  beauty,  and  is  well  adapted  to  modem  wants) 
is  Tery  yariously  roofed  in  different  countries.  At  Yienna, 
one  enormous  high-pitched  roof  corers  all  three  ayenues,  and 
giyes  the  form  of  a  barn,  with  more  roof  than  wall.  At  the 
east  end  of  Salisbury,  a  similar  roof,  but  with  a  moderate 
pitch,  below  45°,  is  skillfully  adjusted  at  the  end  to  fit  three 
acute  gables, — an  example  well  worthy  of  modem  imitation. 
The  more  general  English  method  was  by  three  distinct  lon- 
gitudinal roofs,  (as  at  the  Temple  church,)  leaying  the  inter- 
mediate gutters  to  be  choked  by  eyery  fall  of  snow.  At  Mar- 
burg, the  usles  are  coyered  by  transyerse  roofs  oyer  ea/di  com- 
partment, originally  (now  oyer  each  pair)  proceeding  from 
the  central  roof,  and  terminating  outwardly  in  hips. 

In  the  foreign  dipteral  churches,  whether  with  the  outer 
aisles  open  or  diyided  into  buttress-chapels,  these  parts  were 
c<Mnmonly  of  the  same  height  with  the  inner  aisles.  Milan 
and  Beauyais  present  exceptions  to  this.  They  haye  what 
may  be  called  a  double  clerestory,  the  inner  aisles  rising  aboye 
the  outer  aisles  or  chapels,  and  haying  windows  aboye  them. 
At  Milan,  the  outer  aisles  are  so  disproportionately  high, 
that  these  two  clerestories,  which  are  exactly  equal  and 
simQar,  are  reduced  to  a  yery  poor  altitude  ;  and  the  com- 
partments being  yery  broad,  the  yaulting  leayes  room  in  each 
i  for  only  a  yery  small  wfaidow  under  its  crown,  i,/.,  m 
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the  centre  of  each  wide  compartment.  Thos  these  two  tkn 
of  thinly-scattered  holes  admit  only  jast  light  enoagh  to 
destroy  the  unity  of  a  building  with  five  arenues  of  equal 
height ;  and  this  famous  duomo  has  neither  the  beauty  ol 
the  common  Gothic  nor  of  the  Hessian  arrangement,  but  the 
disadvantages  of  both,  with  neither  the  airy  clerestory  nor 
the  palm-like  combination  of  pOlar  and  out-branchmg  vault- 
ribs,  which  is  peculiar  to  buildings  without  clerestories.  But 
how  differently  is  this  managed  at  Beauvais,  which,  though 
the  loftiest  apartment  ever  built,  is  yet  made  by  its  numerous 
stories,  and  their  skilfully-contrasted  inequalities,  to  appear 
both  inwardly  and  outwardly  loftier  than  it  really  is.  For 
Within  we  find,  first,  the  enclosure  walls  of  the  outer  chapelSy 
then  their  lofty  windows  ;  above  their  vaulting  a  small  blank 
triforium,  and  then  the  moderate-sized  aisle  windows  ;  again, 
(above  the  aisle  vaulting,)  the  great  transparent  triforium, 
and  then  the  immense  clerestory,  with  windows  longer  even 
than  those  of  the  outer  tier,  and  at  least  ten  times  the  height 
of  the  first  blank  triforium,  which  yet  is  (or  seems)  high 
enough  to  form  a  gallery.  A  dimension  is  not  increased  in 
appearance  by  division  into  equal  parts,  but  only  into  wne^ual 
ones  well  contrasted.  It  is  very  doubtful  whether  the  uni- 
form repetition  of  columns,  windows,  or  other  features,  adda 
to  apparent  length  ;  but  the  unequal  divisions  of  length 
formed  in  a  Gothic  church  by  the  vestibule,  nave,  crossing, 
chancel,  <fec.,  give  artificial  length,  and  the  unequal  stories 
^ve  artificial  height,  whUe  the  equal  stories  of  a  factory  pro- 
duce no  such  effect.  "^^  This  principle  of  contrasted  division 
is  important  in  the  composition  of  mouldings.    In  good 

*  Pirhapn  a  gradoMt  dirUion,  diainishiBg  apwirds,  iobj  Ubo  giv«  appttreni 
height.  No  building,  of  the  ume  altitude,  appears  nearljr  ao  lofty  as  a  Doric 
portteo  ;  on  which  Papworth  observes^-*  In  the  vertical  subdivisions  of  the 
auMses  forming  the  columns,  the  trigljphs,  the  metopes,  and  the  mutoles,  and 
even  the  ornaments  above  them, — the  aoroteria  and  terlhinations  of  the  roof,— 4t 
Is  evident  that  great  attention  was  paid  to  produce  the  effect  of  altitude,  by  con- 
ducting the  eye  from  the  base  upward  along  the  columns  and  entablature,  In  • 
suooeesioa  of  lines  admirably  proportioned  to  each  other,  and  «?tfMi»''y  chiNrlv  m 
they  approach  the  summit  of  the  building.'* 
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cormces  we  neyer  find  two  members  of  equal  or  nearlj  eqtud 
height  together,  nor  should  two  conspicnous  members  of  tke 
same  kind  be  nearly  equal,  even  though  separated  bj  nume- 
Tons  members  of  a  different  kind.  Alteration  is  as  bad  as 
succession  of  equal  parts.  There  must  also  be  a  fixed  limit 
to  the  principle  of  contrast  where  it  begins  to  interfere  with 
that  of  multitude.  There  must  be  a  certain  disproportion 
between  two  diyisions  which  should  not  be  exceeded,  because 
then  the  larger  division  would  appear  greater,  di?ided  into 
two,  then  entire.  What  is  this  limiting  ratio  ?  An  examina- 
tion of  the  finest  classic  examples  would  seem  to  gire,  for 
this  limit,  the  ratio  of  10  or  12  to  1.  A  greater  disproportion 
than  this,  the  eye  can  hardly  measure  or  understand  as  a  con- 
trast. While  yery  small  dilBfereuces  (if  visible  at  all)  are 
always  cn^er-estimated,  yery  great  ones  are  always  imder- 
estimated.  Good  examples  of  contrasted  diyision  should  be 
copied  simply  as  such.  They  are  equally  applicable  to  the 
divisions  of  abuUdingor  of  the  smallest  moulding,  condudng 
alike  to  sublimity  in  the  one,  and  beauty  in  the  other. 

The  origin  of  the  chief  peculiarity  of  general  form  in  the 
English  Qothic,  viz.,  the  eastern  minor  transept,  may  be 
accounted  thus : — In  cruciform  churches  there  were  two  modes 
of  placing  the  choir  and  its  furniture  ;  either  in  the  eastern 
limb,  which  was  most  common,  or  in  the  centre  of  the 
cross.  This  place  was  especially  proper  when  there  was  a 
lofty  lantern  over  it,  as  in  the  Italian  dnomi  and  English 
cathedrals,  but  not  in  the  French,  in  which  accordingly  there 
seems  to  be  only  one  example  of  this  arrangement,  viz.,  at 
Rheims« 

This  plan  had  the  advantage  of  placing  the  choir  in 
the  most  imposing  spot,  where  alone  the  whole  building 
displayed  Itself  in  five  grand  perspectives,*  but  it  had  the 
defect  of  shutting  out  the  view  of  the  transept  arms  from  the 
nave  and  from  each  other,  which  latter  was  always  the  finest 

«T1m  fUth  being  the  tvw«r,  which  wm  in  ftU  th«M  oaaM  originally  op«n  m  » 
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proportioned  rista  ia  the  bnflding,  becanae  not  too  lengtby 
for  its  other  dimensions. 

There  is  another  pecniiady  English  variation  <m  the  general 
€k)thic  plan,  which  deserres  attention,  and  ought  to  render 
the  name  of  Alan  de  Walsingham  preeminent  among  the 
few  Gothic  names  that  hare  descended  to  ns.  This  architect 
inirented  the  tmly  masterly  expedient  of  aUogdhar  omUting  the 
four  middle  piers  for  supporting  towers,  thereby  at  once 
farming  a  noble  octagonal  central  space,  distributing  the 
weight  of  its  covering,  or  lantern,  among  eight  instead  of 
four  supporters,  greatly  diminiBhing  the  inward  push  on  each, 
(l>ecause  it  receives  the  thrusts  of  its  two  abuting  arches 
inclined  135^  to  each  other,  instead  of  90,°)  and,  lastly, 
enabling  these  piers  to  be  enlarged  to  any  extent  in  one 
direction  (outwards^  without  stoping  or  even  contracting 
any  one  of  six  avenues  of  the  church. 

This  invention  is  equally  applicaUe  to  any  style,  or  any 
mode  of  construction  ;*  and  if  disposed  to  underrate  it  on 
account  of  its  simplicity,  we  should  ask.  Why  was  it  never 
used  before  ?  We  might  add,  why  has  it  never  been  rein- 
vented even  by  the  most  ingenious  modem  architects  ?  In 
looking  over  the  engraved  designs  of  Palladio,  Scamozzi, 
Ylgnola,  &c.,  it  is  wonderful  to  observe  how  very  nearly 
they  often  approached  this  idea  without  ever  completely 
reaching  itf  Indeed,  no  example  of  it  seems  to  have  been 
finished  out  of  England,  either  in  the  Qothic  or  Italian 
styles,^ — and  even  in  its  native  land,  it  lay  dormant  at  Ely 

*  There  It  a  beauUAil  instanoe  of  iti  use  In  lintel  ^oastrtietlon  In  the  torah  at 
Mylaua  (tl|pired  ia  the  «*  Ionian  AntlqaitiM>'  of  the  DOettantl  Society.)  Aooord* 
Ing  to  Ux.  FergnMOD,  the  same  fwm  ia  oommon  in  Indian  gianaolea.  It  wonld 
thofl  Mem  to  hare  heen  inTented  thriee,  in  Ionia,  India,  and  England,  at  wide!/ 
dUDnent  epoeha. 

t  It  did  not,  however,  eaoape  tho«e  eseellent  feometen,  tha  SpaniA  Aiahe. 
Since  writing  thf  i,  I  hare  learnt  of  a  complete  ranUed  example  by  them,  In  a  hath 
at  Barcelona. 

t  Meet  modon  Italian  ehnroheo  haTO  theoetagtm  epaee,  hut  at  the  ezpenae  of 
the  aiale  aTennea.  which  are  either  absent,  or  blocked  np.  ae  at  £«t.  Peter's.  From 
a  plan  which  Wiebeking  saw  in  the  archiTOs  of  the  cathedral  of  Bologna,  began 
UB8,  it  appean  that  the  Elj  octagon  waa  propoeed  on  an  immenae  scale  (11% 
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tor  ^xtee  centuries!  Of  its  reviral,  Ware  says,  "The  octar 
gon  base,  and  the  yista  of  the  aisles  through  it,  is  together 
an  invention  not  easilj  allowed  even  to  Sir  Christopher 
Wren."  Wren  never  claimed  it ;  he  had  native  plmnes 
enongh  without  borrowing  any.  Yet,  perhaps,  if  his  uncle 
had  not  been  Bishop  of  Ely,  St.  Pauls,  though  a  fine,  would 
not  have  been  an  unique  builcUng. 

This  great  man,  from  the  beginning  of  his  career,  appre- 
ciated the  manifold  merits  of  the  plan  peculiar  to  his  uncle's 
church,  and  when  called  on  to  repair  Westminster  abbey, ,^he 
intended  to  remodel  its  centre  on  this  type.  Bad  details 
and  Italian  cornices  could  well  have  been  tolerated  for  the 
sake  of  soch  an  in^iirovement ;  especially  needed  here,  not 
only  to  fit  the  building  for  its  present  use,  (for  which  it  is 
now,  like  most  Qothic  structures,  singularly  ill  adapted,) 
but  also  to  correct  its  peculiar  defect^  ;  which  are  a  want  of 
monumental  durability;  and  an  irregularity  in  the  compart- 
ments next  the  crossing,  which  in  the  nave  are  wider,  and  in 
the  transept  narrower,  than  their  regular  width.  But  this 
improvement  remains  to  be  made.  At  some  future  day  (let 
us  hope,  of  pure  taste,)  when  the  hoary  pile  grows  infirm 
and  full  of  days,  and  not  only  convenience,  durability,  and 
beauty,  but  safety  also,  calls  for  it,  Wren's  plan  will  doubt- 
less be  carried  out,  without  the  faults  of  his  details. 

Disai^K>iated  here,  however,  Wren  applied  the  principle  to 
one  of  his  smaUest  and  cheapest  buildings,  which  consequent- 

ftvt  diametcir)  for  thAt  bofldlng,  but  the  oinqQeoentUt  architects  vere  too  timid  ib 
Tentore  on  it,  for  the  wooden  model  in  the  laoriiitj  Adheree  to  the  old  method  irith 
Ibnr  eentrel  piers  ;  and  neither  project  has  suited  the  r^ouroes  of  **  Bologn*  the 
VtAj"  for  the  naTe  onlj  is  buQt.  The  cathedral  of  Paria,  howerer,  beflrnn  in 
14S9,  trot  equaUj  nAflnished,  presents  the  ootairon  half-dereloped,  and  eom- 
ptotely  so  !n  the  original  design  of  its  architect,  Bocchl.  It  has  been  said  that 
the  dnomo  at  Florence  (left  roofless  till  a  council  of  architects  and  engineers 
from  all  parts  of  Europe  assembled  to  consult  how  to  cover  it)  exhibits  the 
rudiment  of  the  English  octagon  ;  but,  if  so,  it  is  yery  rudimentary  Indeed. 
Tlie  fwj  ancient  little  Byiantlne  chapel  of  Santa  Fosea,  on  the  Isle  of  Tcr- 
eello,  la  the  Venetian  lagnnes,  presents  a  much  nearer  approach  ;  but  in  this, 
as  weU  as  In  the  modem  church  of  Santa  ICarla  della  Orasia,  at  IBlan,  the  resem- 
blance is  onljr  In  plan,  no  adTaatage  being  taken  of  the  octagon  for  ikdUtatiag  the 
eoreriag,  whieh  Is  bF  a  dome,  oufour  pendentiTC*  only,  ooTeitDg  the  ■qtiare. 
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Ij  Cthaagh  only  a  jdaater  repre(Bentation,  fteyer  yetexecated, 
as  it  miglit  easily  be,  in  pennanent  building)  has  given  tbe 
narrow  lane  of  Walbrook  an  European  celebrity  '*  and 

*  Th«  Just  and  onlTeml  apinrobation  bMtoired  mi  tka  iatarior  of  thia  l*ttl« 
church,  renden  it  one  of  the  torj  fbw  modem  hnilduigt  that  fttrnish  proper  ob- 
Jeeta  for  that  seeroh  into  priadplee  whioh  it  has  been  our  study  to  applj  to  th« 
ehJef  ancient  and  medisiral  models.  In  such  a  leareh,  we  cannot  hot  ohcerrei  ;in^ 
that  of  Sir  Christopher  Wren's  Bfty  ehnrehes,  this  is,  I  think,  the  onij  one  witk- 
ont  gaUtritt.  How  grtatly,  then,  must  the  beility,  or  rather,  the  possibility,  of 
designing  a  fine  Interior,  be  diminished  by  requiring  a  great  portion  (often 
mofo  than  half)  of  its  area  to  be  divided  into  two  iloon ;  when  eren  this  great 
man^  in  eo  mat^f  trials,  did  not  once  succeed  in  soMng  this  problem  satisiM- 
torUy,  or  so  as  to  produce  an  effect  approaching  to  tiiat  which  he  so  easily 
prodoeed,  in  one  trial,  when  unlbttared  by  thia  meet  odious  requirement  of 
modem  parsiasony.  But,  in  comparing  this  ohurch  with  those  few  on^  which 
ean  compete  with  It  on  hir  ground,— those  without  galleries,— we  must  still 
admit  its  tmnseendent  merit,  not  only  as  oompared  with  those  of  Its  ownstyW, 
hut  also  with  those  of  the  porsst  Gothie.  We  may  Ikirly  ohalleiwe  the  pro- 
ductiou  of-<lst,  any  interior,  for  whatever  purpose  designed,  which  produces  an 
equal  efltet  with  so  small  an  amount  of  ornament ;  and,  Sndly,  any  interior  whioh 
posseesee  equal  beauty  with  as  much  fitness  Csr  the  purpose 
of  Protestant  worship.  The  height  being  no  greater  than  is 
necessary  ft»r  brtathing  room,  a  dlTision  Into  Jloe  avenues 
was  abeolntely  necessary  to  obtain  any  thing  like  a  mnjeetie 
loftiness  of  proportion  ;  yet  tbe  number  of  columns  does  not 
Impede  the  sound  and  sight  of  tbe  preacher,  because  this 
▼eiy  number  enables  them  to  be  made  smaller  than  the 
usual  space  between  the  heads  of  two  persons,  so  thatall 
the  congregation  oan,  without  loss  of  space,  place  them- 
s«>lves  so  as  to  see  and  hear ;  for  the  pulpit  and  desk  are 
so  plaeed  that,  if  we  suppoee  a  lamp  lighted  in  either  of 
them,  the  shadows  of  no  two  columns  would  overlap  to  Plan  of  8t  Stephen'i^ 
form  a  broader  shadow  than  that  of  a  single  one.    But  Walbrook. 

not  only  are  the  sixteen  columns  so  distribnted  as  to  answer  this  wwditiftn, 
(fulfilled  in  hardly  any  other  church  ;)  they  are  so  arranged  in  a  plain  otaloag 
room  as  entirely  to  conceal  its  vulgarity  by  Introducing  the  various  beauties  (no 
where  else  combined)  of  the  lAtin  cross,  Oreek  cross,  square,  ooti^gon,  and  oirole. 
Observe,  too,  how  strictly  the  rectangular  fbrms,  expressing  stability,  are  kept 
below  ;  up  to  the  entablature  all  is  right-angled  ;  then  come  the  oblique  lines,  and 
Ihe  elegant  circular  forms  above  alL  Wren  did  not  (as  we  remaiiced  in  Chap,  in  ) 
suAdenUy  observe  this  principle  *n  some  of  his  works,  but  here  its  complete  ob- 
inrvance  so  improves  the  idea.  that,  though  borrowed  from  a  Gothic  work,  i\  could 
hardly  be  re-transferred  into  that  style  without  great  loss  ;  for  how  could  the 
combined  plans  (cross,  square,  octagon,  and  circle)  be  kept  in  that  style  so  €gimal- 
t^  prominent  as  they  are  here  t  none  prevailing  over  and  dieguising  the  others. 
The  crosti,  and  especially  the  square,  would  hardly  appear  but  Ibr  the  entablature^ 
which  could  not  be  replaced  by  any  Gothic  feature  that  should  hsTS  fiuAeient  im- 
portanee  without  appearing  clumsy  or  unduly  exaggerated.  Again,  that  style  la 
so  much  better  adapted  to  polygonal  than  to  circular  ]dans,  that  It  would  be  difl* 
eult  to  keep  the  former  from  overpowering  the  latter 
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when  his  first  design  for  his  great  work  was  obliged  to  be 
abandcmed,  (it  is  said  with  tears,)  and  the  form  and  propor- 
tions of  a  Gothic  cathedral  sabstitated,  he  recurred  to  this 
arrangement  as  the  chief  source  of  its  originalitj  and  gran- 
deur. Strange  to  saj,  this  invention,  so  peculiarly  fitted  for 
Protestant  worship,  which  requires  an  ample  central  space, 
(not  lengthj  avenues,)  has  slept  again  for  a  century  and  a 
half,  and  has  only  been  rerived  in  the  el^^nt  church  just 
erected  at  Highbury.* 

•  Bat  while  th«  e«ntral  iqix4re  of  the  ordinary  Gothic  plui  ia  elbowed  by  iti 
piem,  the  oeatnd  octagon,  on  the  contrary,  Is  rather  too  ipacioae  for  the  beet 
•rtistie  effect,  and  at  St.  Faol'e  it  OT«rpowen  the  other  parte,  making  the  four 
great  aTenaea  teem  narrow  and  low  :  who  would  believe  that  thej  are  aa  high 
aa  thoee  of  Saliabnry  f  A  medium,  then,  between  the  octagon  and  the  square  le 
presented  b j  the  earlj  pointed  cathedral  of  Kienna,  which  haa  ita  central  apace  a 
hmoffvn,  and,  though  thia  is  there  clumsilj  arranged,  and  blocks  up  the  aisle  tIs- 
tas,  it  might  bj  a  little  change  hare  left  all  six  aTennee  open  and  uncontraeted.  If 
tlie  middle  transept  ayenue  occupied  the  western  half  of  the  hexagon,  passing 
through  two  of  its  sides  oblique]  j,  then  its  two  other  oblique  sides  might  each  hare 
a  semi-hexagon  described  on  it.  The  two  outer  sides  of  these  would  form  win- 
dews  ;  tbeir  two  eastern  sidee,  entrancee  to  the  choir  aislee  ;  and  their  two  re- 
maining sides  to  the  east  aisle  of  the  transept,  which  might  or  might  not  hare  a 
western  aisle,  for  that  would  fiiU  without  the  hexagon.  The  breadths  between  the 
eentree  of  the  columns,  (calling  that  of  the  nave  one,)  would  be  thus.  The  nsTC 
aides,  one-half ;  diameter  of  the  hexagon,  two  ;  the  central  transept,  the  square 
root  of  three-fourths  ;  and  its  aislee,  one-half  of  the  square  root  of  three-fourths. 

The  capabilities  of  the  hexagon  and  dodecagpon  have  been  g^reatlj  neglected  in 
a^istle  planatng.  Their  union  with  square  forms  would  produce  many  beautiful 
and  useful  combinations  ;— useful  (that  is)  in  vonttsef  and  other  genuine  perma- 
•enl  modes  of  oonstruction  ;  the  chief  artistic  advantage  of  which  modes  is,  that 
tiMy  require  or  conduce  to  such  combinations  ;  so  that,  perhaps,  elegant  planning 
taa  hardly  be  expected,  without  a  return  to  real  architecture.  Barthoknnetr 
draws  attention  to  the  beantiftil  symmetry  of  a  plan  to  which  the  vestibule  of  the 
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III.  From  the  general  arrangement  of  the  Oothie  stmo- 
tnres,  we  mnst  now  descend  to  their  details  ;  first  premismg^ 
that  these  appeared  in  a  different  order  in  different  countries; 
all  of  which  seem  to  have  adyanced  bj  diffident  paths  to* 
wards  the  same  object,  which  they  all,  about  due  year  1300, 
completely  attained.  Not  till  then  did  their  seyeral  6*>yles 
arriye  at  the  nearest  coincidence  ;  and  this  only  style,  oommm 
to  the  yarioos  Gothic  nations,  is  that  which  all  haye  agreed 
to  consider  the  compLdt  Qothic,  as  containing  all  the  essen- 
tial features  of  the  system,  yiz.  :  1.  XJniyersally  pairited  arck- 
ing,  each  arch  being  composed  of  seyeral  ribs  or  mouldings, 
so  arranged  that  the  innermost  or  narrowest  might  senre  as 
centering  on  which  to  turn  the  next,  on  which  a  still  stronger 
was  tamed,  &c.,  greatly  economizing  the  original  wooden 
centre  ;  2.  Bibhed-vatUting ;  3.  Ajtjfarefni  buttresses ;  4.  FUr 
Ur-dnstervng,  with  reference  to  the  ribs,  each  rib  (whether 
of  the  yaulting  or  of  the  arches)  being  giyen  to  a  particular 
shaft ;  5.  Pinnadd^ustering  ;  6.  Window  tracery^  with  sub- 
ordination (of  principal  and  minor  tracery  bars)  ;  and, 
lastly,  Foliationt  or  foiling,  an  uniyersal  though  seemingly 
non-essential  ornament.  These  seyen  peculiarities  may  be 
considered  necessary  to  constitute  the  complete  Qothic  ;  but 
some  yery  beautiful  styles  arose  before  this  complete  deye- 
lopment,  by  the  carrying  out  of  some  of  these  principles 
alone  ;  and  wherever  any  one  of  them  (especially  pointed 
arching)  is  consistently  obseryed,  a  beauty  is  deriyed  from 
this  consistency.  All  the  styles  which  completely  carry  out 
this  principle  come  under  the  general  term  Early  Pointed, 
and  are  further  distinguished  as  Early  English,  Early  French, 
&c.  ;  the  word  '  Pointed'  being  understood.  Of  all  these, 
the  Early  English  may  be  esteemed  as  decidedly  the  most 

Temple  charch  offen  a  mde  approach,  tIx.,  a  dodecagon  ▼ith  its  eovering  support* 
ed  bjr  siz  pOlart  and  sighteon  urehes,  aU  of  equal  span,  dividing  ih«  whol*  into  a 
central  hexagon,  •nrronnded  by  alz  square  and  six  triaAgolar  eomparbaent^i  all 
equilateral,  and  making  the  thirty  lines  composing  the  plan  all  eqnaL  The  preo»> 
ding  example  of  hexagonal  planning  approaohes  the  same  idea.  It  reptwents  the 
two  stories  of  the  royal  mausolenm  at  St  Denys,  destroyed  in  flie  first  FVenoli 
zwolution. 
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pore  and  consistent.  It  Is  not  confined  to  Eng^d,  but 
nearlj  so  ;  its  only  continental  localities  being  Brittany  and 
the  western  part  of  Normandy.  All  provinces  farther  east 
exhibit  Tarioas  kinds  of  Early  Pointed,  different  from  oars  ; 
and  some  of  which  were  formerly  supposed  to  display  a  more 
advanced  stage,  or  a  nearer  approach  to  the  complete  Goth- 
ic, than  the  contemporary  English  examples.  Thus  Amiens 
cathedral,  began  in  the  same  year  with  Salisbury,  certainly 
at  first  sight  appears^  with  its  large  four-light  windows  and 
varied  tracery,  much  more  Gothic  than  Salisbury,  where 
there  is  no  tracery,  or  only  the  first  rudimentary  effort  to- 
wards it.  But  on  a  closer  inspection,  we  find  that  much  of 
the  Amiens  tracery  ^as  the  lower  nave  windows  and  the 
great  end  rose  windowsj  consists  of  after-additions :  that 
the  original  windows  show  no  greater  advance  than  some  at 
Salisbury  ('those  of  the  chapter-house)  ;  that  the  remaining 
tracery  being  simply  composed  of  foiled  circles  or  foil-circles* 
packed  together,  is  no  more  than  what  the  Salisbury  build- 
ers may  be  supposed  quite  capable  of  designing,  had  they 
possessed  the  desire,  or  the  funds,  for  such  enrichment ;  and, 
lastly,  that  if  the  tracery  is  more  complete  at  Amiens,  other 
features  (as  the  vaulting)  are  precisely  similar  in  both,  while 
others  are  decidedly  more  advanced  in  England.  This  is 
specially  the  case  with  the  arch-mouldings  and  pillars,  which, 
even  in  older  buildings  than  Salisbury,  exhibit  a  richness  of 
clustering  far  beyond  those  of  Amiens,  whose  groups  of  five 
only,  with  Corinthian  capitals  and  square  plinths  and  abaci, 
hardly  indicate  any  advance  from  the  Romanesque. 

It  is  easy  to  conceive  that  the  Gothic  features  might  have 
appeared  one  by  one  in  a  different  order  in  different  coun- 
tries, and  that  while  one  nation  made  its  first  advances  by 

•  The  nomenclature  of  Hickman  seems  on  this  point  more  conciM  and  eveiy 
irmy  preferaWe  to  that  of  Professor  WUUs,  whoseyWM  arch  naA^MaUd  arch  cor- 
nspond  respectWelj  to  Rickman's  foU  arch  and  foiUd  ?r«h,  whleh,  to  any  ob- 
serrer  of  Gothic  buildings,  seem  hariy  to  require  explanation,  the  fonner  being 
wbtre  the  whole  arehivoltis  broken  into  seTeral  onrres,  and  the  latter  whMe  theM 
are  only  inserted  within  a  simple  eurr*. 
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means  of  the  pointed  ardi  and  vault,  another  mvented  ttsr 
eery  or  foUing,  a  third  began  with  the  acate  spire  and  pin- 
nacle, a  fonrth  pnshed  forward  the  subdividing  of  the  dna- 
ter-colnmn  and  many-shafted  jamb.  This  last  was  the  case 
with  England,  where  many  round-arched  exanples  even  are 
so  Gothic  in  this  respect  that  they  present  as  many  vertical 
lines  as  any  building :  Winchester  tower,  of  the  eleventh 
century  is  an  example. 

Germany  boasts  of  the  first  examples  of  the  Gothic  arch, 
and  yet,  strangely  enough,  was  the  very  last  country  to 
abandon  the  round  arch,  which  continued  to  struggle  with 
the  pointed  forms,  and  render  the  "  Early  German,"  even 
down  to  the  middle  of  the  thirteenth  century,  an  incongruous 
mixture,  unworthy  the  name  of  a  style.  In  buildings  with 
complete  pointed  vaulting,  and  all  the  beautiful  varieties  of 
plan  and  outline  mentioned  above,  when  we  turn  to  the  win- 
dows, those  favorite  types  for  recognizing  the  Gothic  styles, 
instead  of  the  beautiful  grouped  lancets  of  the  Early  £ng» 
lish,  we  meet  with  such  forms  these  : 


Xarly  G«nBaa  Wladowa. 

The  foiled  forms  were  probably  introduced  from  the  East, 
(being  common  in  Arabic  architecture, j  and  though  the 
Germans  were  perhaps  the  first  to  use  these  forms  exten- 
sively, it  was  long  ere  they  learned  their^  true  use,  not  to  be 
placed  alone,  but  as  adjuncts  to  graver  and  more  simple 
forms.  The  round  trefoil  arch  seems  in  Germany  to  have 
preceded  the  common  pointed  one,  and  in  grouping  two  or 
more  openings  under  one  arch,  they  aimed  at  variety  rather 
than  unity  in  their  forms.  Thus,  using  the  letters  T,  R,  P, 
and  '*',  to  express  pointless  Trefoil,  Rawnd  arch,  Fainted  arch, 
and  foiled  circle,  we  find  such  oombinationa  as  these  : 
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RRRRTTTPPP 

TTT  PPPRRPP  E  T  R  * 

T  T      P  P  ypyp  BR       TT        BR      TT 

Bat  not  till  later  than  in  France  or  England  do  we  find — 
P  P  P 

p  *  and         p  p 

p  p  p  p  j^pjy 

When,  indeed,  the  Germans  did  adopt  these  combinations, 
tracery  of  the  most  beaatiful  kind  rapidly  followed,  and  in 
St.  Catherine,  at  Oppenheim,  and  the  glorious  design  for 
Cologne  (1248),  this  part  at  least  of  the  Gothic  system 
certainly  attained  its  fullest  development,  rather  sooner  in 
Germany  than  elsewhere.  So  rapid  was  this  deyelopment, 
that  there  is  hardly  an  example  in  that  country  of  JSarZy 
Pointed  (St.  Elizabeth,  at  Marburg,  is  the  chief) ;  for  no 
sooner  did  their  architecture  become  completely  pointed  than 
it  became  complete  Gothic. 

The  German  Gothicists  particularly  excelled  in  the  design 
of  spires  and  the  grouping  of  pinnacles,  which  they  carried 
to  a  complexity  unknown  elsewhere.  This  feature  sprung 
from  the  simple  practice  of  finishing  a  square  turret  with  an 
octagonal  or  conical  spire,  and  then  occupying  the  spandrils 
left  on  the  plan,  by  four  smaller  spires  ;  a  proceeding  as  old 
as  the  tombs  of  the  Etruscans. 

The  practice  of  window  tracery  everywhere  had  its  origin 
in  windoy^-grouping,  placing  two  or  three  lancet  windows 
beside  each  other,  and  one  or  more  foil  or  rosette  windows 
above  and  between  their  heads,  in  order  to  fill  out  the  arched 
cell  of  the  vaulting,  which  then  necessarily  gave  the  whole 
group  an  arched  outline  ;  and  this  was  indicated  externally 
by  a  general  drip-mould  or  label.  It  then  became  desirable 
to  lighten  the  irregular  masses  left  between  the  perforations, 
and  this  was  done  by  piercing  these  masses,  or  spandrils,  and 
reducing  the  solid  frame  of  each  foil  or  rosette  to  an  equal 
thickness  all  round,  as  if  several  such  frames  or  rings  were 
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packed  into  one  great  arched  opening,  which  henceforth  was 
regarded  as  one  window  instead  of  several. 

Each  country  has  had  its  snccessire  styles  of  tracary,  and 
each  has  began  with  the  simple  sabdivision  of  one  arch  into 
two,  and  these  sometimes  into  two  again,  filling  up  the  space 
between  the  heads  with  a  drcUj  as  at  Marburg  ;  a  foiled 
circle,  as  at  Salisbury  chapter-house,  and  the  aisles  of  Cologne; 
or  finally  a  ffAl-drde,  as  at  Westminster,  and  the  clerestory 
of  Cologne,  where  it  is  subfoiled:*  thence  proceeding  to 
pack  together  such  forms  over  an  odd  number  of  lights,  to 
which  the  method  of  continual  bisection  would  not  apply ; 
and  thus  the  first  kind,  which  may  be  called  facked  tracery, 
became  complete.  Deviations  from  the  principle  of  packing 
led  to  the  general  tracery,  absurdly  called  ^' geometrical  f 
for  all  Gothic  tracery  is  geometrical,  none  is  hand-drawn. 
This  beautiful,  purely  unmeardfig  tracery  was  succeeded  in  all 
countries  by  the  flowing  loop  or  leaf,  and  then  by  the  peculiar 
national  After-Gothic.  Germany,  however,  as  it  had  been  the 
first  to  perfect,  was  also  the  last  to  abandon  the  "geo- 
metrical" tracery,  which  continued  there,  even  into  the 
fifteenth  century,  our  Perpendicular  Period.  England  and 
France,  however,  in  the  fourteenth  century,  abandoned  the 
unmeaning  for  the  flowing  leaf-tracery  ;  and  this,  notwith- 
standing its  beauty,  had  hardly  time  to  show  itself  before  it 
was  superseded,  here  by  the  perpendicular,  and  in  France  by 
the  flamboyant.  Hence  it  happens  that  of  the  three  great 
classes  of  tracery, — "  geometrical,"  flowing,  and  perpendi- 
cular,— while  the  last  is,  as  every  one  knows,  by  far  the 
commonest  in  England,  the  most  abundant  kind  in  France 
is  flowing  CflamboyantJ,  and  in  Germany  geometrical,  i.  «., 
unmeaning. 

The  unmeaning  tracery  of  Germany  is  very  beautiful,  and 

•  Bu^/oUing  aeemn  a  more  concise  and  dear  tena  than  &(/UMMI(»»,— cmplojred 
by  Willift, — wUch  ia  liable  to  be  mistaken  for  th«  praetiee,  common  in  Franoe,  of 
Priding  a  flame-like  form  into  onlj  two  foila. 
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ganerallj  par- 
takes of  the 
packed  charac- 
ter, the  follow- 
ing forms  occur- 
iog  Terj  abnn- 

dantlj.  The  EUnMnttofGenMnTncflrx. 

conyex-fiided  triangle  and  square  are  placed  in  all  positions 
indifferently,  and  the  frameless  trefoils  and  qnatrefoils  are 
often  formed  on  the  basis  of  these  figures  instead  of  the 
circle.  The  foilings  and  snbfoilings,  formed  bj  a  very  nar- 
row but  deep  chamfered  member,  leave  their  little  spandrils, 
("called  ejfes  by  our  workmen,)  entirely  open,  producing  the 
lightness  almost  of  metal-work.  Circular  windows, — ^in  Eng> 
land  almost  confined  to  the  ends  of  the  transept, — were 
employed  abroad  wherever  a  window  of  the  ordinary  form 
would  have  become  of  too  low  and  broad  a  proportion.'*' 

•  The  term  marigold  has  been  applied  to  thoie  circular  i^indowe  in  which  imdl* 
atlng  muUiona  preTall,  and  roM  to  those  In  which  no  each  lines  are  found.  The 
px«fcrence  given  to  the  latter  may  be  traeed  to  the  feeling  for  nubordination  of  the 
claseei  of  form.  A  general  form  of  the  third  daas  ihonld  not  be  flUed  ap  with  d^ 
taOe  of  the  seeond. 

The  finest  rose  windows,  perhaps,  aie  at  St.  Onen,  (Rouen,)  and  *he  immense 
ones  at  Beanvals,  in  which  however,  there  is  not  enough  Bubordination  of  different 
e  asses  of  muUions.  The  finest  of  the  radiating  sort  are  at  S'rasbuig,  Westminster, 
•nd  the  south  front  of 
Amiens,  where  a  pleas. 
fng  variety  is  produced 
by  the  lines  radiating 
from  points  a  lltUe  dis- 
tant from  the  centre,  no 
as  to  give  alternately  a  few  radiating  and  a  Ibw  parallel  molllons.  The  fignre  a, 
called  pmUalpha^  is  very  common  in  French  circular  window  tracery  ;  and  they 
followed  the  example  of  flowers  in  founding  their  division,  chiefly  on  the  nombers 
8  and  6.  those  divisible  by  4  being  comparatively  rare.  The  term  f^fiMl,  applied 
faidiscriminately  to  all  round  windows,  would  be  better  restricted  to  those  oaUe4 
in  France  ro^et  totrnaniMf  which  differ  from  ordinary  roses  in  having  the  similar 
sectors  of  thn  pattern  not  alternately  reversed,  but  all  turned  the  same  way,  which 
gives  the  idea  of  rotation.  There  are  many  varieties  of  them,  though  none  contaia 
more  than  six  or  eight  panels,  there  being  none  above  the  smallest  sea*e,  probably 
from  a  feeling  of  the  instability  given  by  their  rotatory  exprefiftion.  Hence  the  uso 
•fa  large  and  complex  one,  as  a  principal  and  central  feature,  in  a  church  lately 
tntobed  at  IsUngtoa,  must  be  e<»8idered  in  veiy  questknabls  taste. 
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When  the  Qothic  system  had  attained  its  culmination,  the 
chief  differences  were  that  vault  traoary,  pillar^ustervng,  (and 
perhi^  we  m&j .  t^d,  moulding,)  were  best  developed  in 
England  ;  spire  design  and  pinnade-dustering  in  Germany ; 
vindotD  tracery  in  Francq  ;  and  foUation  in  the  Netherlands 
and  Spain,  f  where  it  took  an  extraordinary  richness  and 
complexity  from  the  Arabs,  its  probable  inventors.^  All  these, 
howerer,  were  rather  differences  of  degree  than  of  kind,  and 
the  style  might  be  said  to  be  now  erery  where  the  same. 

The  Gothic,  then,  had  in  the  fourteenth  centnry  become 
a  complete  system,  as  consistent  in  its  principles  as  the 
architecture  of  the  ancient  Greeks,  to  which  it  was  yet  in 
many  respects  directly  opposite  ;  and  it  is  truly  surprising  to 
trace  how  by  a  continued  steady  progress  in  one  constant 
direction,  an  originally  perfect  style  was,  through  Vkrioufl 
stages  of  decline  and  even  deepest  barbarism,  gradually  con- 
verted, after  almost  twenty  centuries,  into  another  style  as 
perfect  as  the  first,  yet  opposite  in  many  of  its  principles. 

This  opposition  appears  stronger,  the  more  perfect  are  the 
two  varieties  of  Greek  and  Gothic  which  we  compare.  The 
better  each  may  be  of  its  kind,  the  more  perfect  is  the  con- 
trast, and  the  chief  points  of  contrast  are  the  following  : 

In  the  pure  Greek,  an  arch  was  inadmissible  ;  in  the  pure 
Gothic,  a  lintel  or  beam  is  equally  inadmissible.  In  imitative 
Greek,  all  arches  have  to  be  disguised  as  beams  ;  in  imitative 
Gothic,  all  beams  had  to  be  disguised  as  arches. 

In  the  former,  the  props  required  to  confine  the  arches 
must  be  concealed  or  disguised  ;  in  the  latter,  props  must 
appear,  whether  they  are  wanted  or  not. 

The  severe  unity  of  the  Greek  will  not  admit  of  scenery, 
t.  e.,  decoration  behind  decoration.  The  wall  behind  a 
colonnade  was  plain,  not  even  windows  being  admissible 
there.  The  Romans  advanced  a  step  from  this,  allowing  two 
systems  of  decoration  together,  the  front  system  of  columns 
and  entablature,  the  hinder  of  arches  or  windows.  The 
Romanesque  builders  carried  this  further,  and  in  their  latest 
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works  plaeed  arches  behind  arches  in  three  or  m<Mre  depths. 
This  was  approaching  the  Gothic,  in  which  style  (and  in  which 
alone)  the  planes  of  decoration  are  unlimited  as  to  number. 

Lastly,  looking  at  the  general  character,  the  expression  of 
the  Greek  temple  is  that  of  majestic  repou ;  that  of  the 
Gothic  is  aspiring  JUght,  or  at  least  growth.  The  first  arises 
from  the  absence  or  non-perception  of  oblique  pressures. 
Ererything  gravitates  straight  downwards,  and  its  weight 
seems  somehow  to  be  rendered  peculiarly  yi^ble.  But  the 
Gothic  arches  and  gables,  the  tapering  buttresses,  the  sprout- 
ing crockets  and  bud-like  finials,  the  bristling  pinnacles  and 
spires,  .all  seem  sbooting  upwards,  and  by  their  terminating 
all  at  different  heights,  seem  aiming  higher  and  higher ; 
while  internally  the  same  character  is  preserved  by  arch  abore 
arch  and  canopy  above  canopy,  by  the  palm-like  combination 
of  shaft  and  vaulting  ribs,  and  lastly,  by  the  great  prepon- 
derance of  vertical  lines  over  horizontal  ones,  both  in  number 
and  ^perspective^  length. 

This  last  circumstance  has,  from  its  simplicity,  been  too 
exclusively  dwelt  upon,  and  even  regarded  by  some  as  tht 
Gothic  principle,  a  distinction  which  it  does  not  merit,  for 
the  aspiring  character  cannot  be  imparted  by  this  alone  ;  and 
on  the  other  hand,  this  character  is  possessed  in  the  highest 
perfection  by  many  buildings  which  have  (in  the  exterior  at 
least^  more  numerous  and  extensive  horizontal  lines  than 
vertical  ones  (^as  is  the  case  with  Salisbury),  nor  do  the^iear/y 
vertical  bear  a  greater  proportion  to  the  horizontal  than  in 
Grecian  buildings,  in  which,  owing  to  the  diminution  of  the 
columns,  &c.,  hardly  any  truly  vertical  lines  occur. 

Rickman,  however,  made  the  important  observation,  that 
in  the  complete  Gothic,  exery  horizontal  line  meeting  a  vertical 
one,  either  terminates  or  changes  its  direction,  while  the  ver- 
tical continues  its  course  unaltered.  In  the  pure  Greek 
precisely  the  reverse  takes  place  ;  all  vertical  lines  are  stoped 
by  the  first  horizontal  one  they  meet,  while  the  horizontal 
continue  (^generally  without  a  bend^  from  comer  to  comer 
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of  the  building.  The  diiference,  therefore,  conastsnot  so  much 
in  the  number  or  extent  of  horizontal  lines,  as  in  the  fact  of 
their  being  wHiyrokeii  in  the  Greek,  and  frtqutntly  broken  in 
the  Gothic.  In  both  they  are  equally  necessary  to  preserre 
the  onity  of  the  building,  by  tying  all  its  parts  together. 
The  neglect  of  this,  arising  from  the  misapprehension  and 
abuse  of  the  "  vertical  principle,"  as  it  is  called,  has  led  in 
modem  times  to  the  erection  of  churches  so  totally  destitute 
of  unity,  as  to  resemble  a  group  of  chapels  of  yarious  heights 
stuck  together.  That  this  is  not  Gothic  will  appear  by  exam- 
ining those  Gothic  structures  (few  indeed  in  number^  which 
have  been  finished  in  one  lifetime,  or  after  one  design,  and  es- 
caped the  unscrupulous  alterations  by  which  so  many  grand 
edifices  hare  been  reduced  to  patchwork.  Such  buildings  are 
the  cathedrals  of  Salisbury,  Rheims,  Milan,  Cologne,  St.  Ouen 
at  Bouen,  and  the  celebrated  chapels  at  Cambridge,  Windsor, 
and  Westminster.  These  include  all  the  style,  and  the  utmost 
degrees  of  verticality,  yet  all  possess  perfectly  that  unity 
which  arises  from  correspondence  of  horizontal  divisions  and 
features  all  round  the  building,  and  is  as  necessary  in  this 
style  as  in  any  other,  to  distinguish  a  great  building  from  a 
group  of  little  ones. 

But  the  aspiring  principle  was  liable  to  abuse  by  its  inven- 
tors in  the  palmy  days  of  Gothic  art,  as  well  as  by  their 
imitators  now,  though  in  a  different  manner.  No  sooner  was 
this  beautiful  tendency  of  the  style  observed,  than  it  seems 
to  have  become  the  main  object  of  Gothic  design  to  increase 
and  push  to  the  utmost  this  expression  so  appropriate  to  a 
religious  edifice.  It  was  a  fine  idea  to  make  everything  in 
God's  house  point  heavenward  ;  but  to  the  various  methods 
resorted  to  in  different  countries  for  exaggerating  this  ex- 
pression, .we  must  partly  refer  the  gradual  decline  and  fall 
of  this  wonderful  style,  which  proceeded  by  different  steps  in 
each  country,  giving  rise  to  what  Professor  Willis  has  happily 
named  the  different  forms  of  After-Gothic.  The  Germans 
seized  on  the  idea  of  growth,  and  the  buding  and  spi-outmg 
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eziMressioti ;  bat  perhaps  the  French  were  most  suceessfnl  ia 
increasing  the  as]Nring  expressicMi :  by  a  slight  change  in  the 
prevailing  forms  of  the  flowing  tracery,  thej  converted  the 
loops  or  leaves  into  flame-like  forms,  till  the  Flamboyant 
bmldings,  appeared  not  vegetating,  as  in  Germany,  bat 
blazing  from  the  fbondation  to  the  bristling  finials.  The 
difference  between  this  style  of  tracey  and  our  own  flowing 
style  Cezemplified  in  the  west  window  at  York),  is,  that  while 
the  apper  ends  of  oar  loops  or  leaves  are  roand  or  simply 
pointed,  i.  e.,  with  finite  amgks,  the  npper  ends  in  France 
terminate,  like  the  lower,  in  angles  of  contact  (those  formed 
by  two  carves  that  have  a  common  tangent).  It  was 
necessary  to  the  leafy  effect  that  the  lower  angles  should  be 
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tangential ;  bat  to  the  flame-like  effect,  that  the  upper  ones 
shoald  be  so,  even  if  the  lower  were  finite  ;  and  hence  some 
examples  of  flamboyant  tracery,  turned  upside  down,  form  a 
kind  of  leof-tracery. 

Oar  countrymen,  however,  adopted  a  method  which  was 
less  conducive  to  the  aspiring  expression,  and  which  con- 
ducted them  to  a  style  less  rich  and  certainly  less  varied 
than  any  of  the  other  After-Gothics, 
firroneoasly  supposing  that  an  abun- 
dance of  vertical  lines  would  increase 
this  character,  they  were  led  to  con- 
vert all  the  flowing  lines  of  the  window 
tracery  into  vertical  ones,  to  omit  the 
capitals  of  nearly  ail  the  smaller  shafts 
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or  shaftlets,  thus  conrerting  what  had  been  blank  arcades 
into  mere  panels,  and  then  to  multiply,  duninish,  and  extend 
these  panels  and  endless  repetition  of  yertlcal  lines,  orer 
every  part  of  the  interior,  and,  in  florid  bolldings,  even  of 
the  exterior. 

Bat  the  "  Perpendicular  Style"  may  also  have  arisen  from 
that  principle  of  constructive  wnity,  on  which  we  have  so  much 
insisted,  and  according  to  which  a  style  is  pure  and  perfect 
in  proportion  to  the  exclusiveness  with  which  a  certain  mode 
of  construction  pervades,  or  appears  to  pervade,  every  fea- 
ture, from  the  greatest  to  the  least.  In  Gothic  architecture 
this  mode  of  construction  is  arching^  in  other  words  the  sub- 
jecting materials  to  compression  alone,  never  to  tension  or  to 
cross-strain.  Hence  the  perfection  of  this  style  requires  that 
no  member,  however  short  or  strong,  should  be  treated,  or 
appear  to  be  treated,  as  a  haim.  All  materials  must  appear 
(as  far  as  the  eye  can  judge^  to  be  not  only  in  equilibrium, 
but  in  such  equilibrium  as  would  apply  to  fiaaJtiU  as  well  as 
rigid  bodies.  Hence  the  apparent  flexibility  which  every 
one  notices  in  fine  Gothic  architecture  ;  the  stone  is  treated 
as  though  it  were  flexible,  t.  e.,  no  dependence  is  placed  on 
its  rigidity,  and  therefore  it  appears  to  have  none.  Now,  in 
applying  this  to  the  chief  kinds  of  tracery,  we  must  remember 
that  the  statical  conditions  of  a  flexible  Gothic  arch  require 
a  weight  concentrated  on  its  vertex,  bat  will  not  adAiit  of 
any  concentration  of  weight  on  any  other  pomt.  But  in  the 
"  Geometrical "  tracery,  the  ardies  over  the  lights  recdve 
generally  no  pressures  on  their  points,  bat  concentrated 
pressures  on  certain  parts  of  their  haunches,  viz.,  where  they 
touch  the  circles  or  rosettes  that  seem  packed  into  the  win- 
dow-head. Sach  tracery,  formed  of  a  flexible  substance, 
could  not  keep  its  form.  The  flowing  loop-tracery  is  an 
improvement  on  this,  and  the  flamboyant  still  more  so  ;  but 
in  the  Perpendicular  Style  alone  do  we  find  a  complete 
recognition  of  the  principle  that  the  Gothic  arch  should  be 
loaded  only  on  its  vertex.    In  this  style  alone  do  we  find 
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tracery  which,  if  converted  into  a  flexible  material,  would 
undergo  no  change  of  form. 

That  the  perpendicular  tracery  was  nsed  from  this  feeling 
rather  than  from  false  taste,  will  appear  from  that  great 
type  of  perpendicnlarity,  Henry  the  Serenth's  chapel,  in 
which,  though  the  principle  thoroughly  pervades  every  other 
part,  it  is  not  to  be  traced  in  the  flying  buttresses  ;  for  here 
statical  principles  rather  required  the  voiding  to  be  effected 
by  drdes  (as  in  the  spandrils  of  the  Pont-y-Prydd  and  iron 
bridges),  and  accordingly  this  is  done.  How  different  is  the 
constructive  consistency  here  shown,  from  the  want  of  it  in 
certain  earlier  French  works,  the  cathedral  of  Orleans,  for 
instance,  where  the  window^eads  are  packed  with  rings  and 
rosettes,  while  the  flying  buttresses  are  pierced  with  perpen* 
dicnlar  archlets,  concentrating  all  their  weight  on  certain 
poimix  of  the  lower  curve,  against  all  statical  propriety. 

But  the  grand  error  of  the  "  Perpendicular  "  was  its  Intro* 
duction  of  a  graver  class  <A  form  in  details  than  prevailed  in 
main  features. 

Another  fault  peculiar  to  the  decline  of  the  system  in 
England  sprung  from  the  reduction  of  panding  (originally 
an  excellent  constructive  principle,  for  the  economy  of  ma- 
terial,) to  a  source  of  ornament  merely.  Common  sense 
tells  us  that  a  panel  is  a  method  of  diminishing  bulk  or 
weight  without  duninishing  superficial  extent,  and  is  there- 
fore only  applicable  to  parts  whose  x)ffice  depends  on  their 
txienl — whose  duty  is  to  enclose  or  fill  up  spaces  ;  but  never 
to  those  which  have  to  support.  Thus  the  spandrils  of  a 
bridge  are  proper  places  for  paneling,  but  never  its  piers,. 
The  application  of  paneling,  however,  to  supports  was  left 
to  the  very  latest  examples  of  Gothic  degradation  ;  but  for 
a  long  time  previously,  the  principle  was  abused  in  the  fan- 
tracery  vaulting,  whose  ribbing  and  paneling  was  not  con- 
•tructi?^  but  only  decorative ;  the  joints  occuring  indis- 
criminately in  the  centre  of  a  panel,  or  the  centre  of  a  rib. 

Other  abuses  overran  the  style  in  different  countries. 
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many  (but  not  allj  of  which  may  be  referred  to  the  change 
admirably  described  by  Buskin,  as  occuring  eTery  where  at 
the  cuhnination  of  the  style,  viz.,  the  the  transferefue  of  aitenr 
Hon  from  the  masses  (of  light  or  shacfe)  to  the  hnes. 

In  Germany  the  chief  vice  was  interpenetrationf  or  the 
making  mouldings  appear  to  pass  throogh  each  other,  instead 
of  stopping  each  other.*  This  was  at  length  carried  to  saeh 
extent,  that  no  member  conld  stop  against  another,  bat 
must  seem  to  mn  through  and  come  out  on  the  other  side, 
even  though  it  were  in  consequence  obliged  to  be  cut  off 
abruptly  in  the  air,  giving  rise  to  crossed  foiling,  and  what 
has  been  called  *^wf»p-tracery.  Moreover,  that  originally 
beautiful  and  useful  member,  the  ogive  crocketed  hood,  be- 
came to  the  German  designers,  what  the  panel  was  to  the 
English.  It  overgrew  everything  else,  till  the  buildings  be- 
came covered  with  tracery,  not  of  panek  but  of  intersecting 
hoods,  which,  not  confined  to  their  three  purely  Gothic 
forms,  the  rectilinear,  the  concave-sided,  and  the  reflexed  or 
ogive,  now  ran  into  all  imaginable  shapes,  which,  interpene- 
trating in  all  directions,  gave  the  idea  of  entwined  plants, 
an  effect  increased  by  the  innumerable  crockets. 

In  France,  the  Gothic,  in  its  flamboyant  form,  seems  to 
have  maintained  a  certain  degree  of  purity  longer  than  any 
where  else,  for  the  transept-fronts  of  Beauvais,  built  in 
1555,  exhibit  hardly  any  instances  of  Italianizing  tendency. 
Strongly  marked  horizontal  cornices,  however,  begin  to  stop 
the  vertical  lines,  and  the  latest  French  buildings  free  from 
Itivlian  details,  display  a  style  called  Burgundiany  with  the 
same  general  tendencies  as  the  English  Tvdor,  but  far  less 
skilfully  carried  out;  the  arches  being  not  only  depressed  but 
foitOkss, 

Everywhere  the  finishing  stroke  was  given  to  expiring 
Gothicity  by  the  return  to  beam  and  lintel  construction,  and 

•  Perhaps  thU  arose  from  a  fiincj  to  repeat  and  exhibit  ererywhere  the  OTmbol 
of  the  dDMt.  It  is  known  that  Rome  monkish  writers  of  that  age  amused  them- 
•*lyiM  wfOi  finding  croeees  in  e?«»7  object  of  natwe. 
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the  attempts  to  disguise  these  straight  horlzoutal  forms  iato 
the  semblance  of  depressed  arches.  The  loss  of  construdwe 
ufdtf,  the  retnm  to  nmYersallj  mind  construction,  (as  in  the 
Ante-Gothic  ages,)  completed  the  downfall  of  this,  as  it  had 
before  completed  the  downfall  of  the  antique  sjstem. 

In  one  respect,  however,  the  fall  of  the  Gothic  architecture 
perhaps  differed  from  that  of  the  Classic,  and  was  more 
complete.  It  was  a  fall  out  of  which  nothing  could  bo 
expected  to  arise, — a  fall  not  of  a  style  or  system  merely, 
but  in  a  certain  sense,  of  the  entb*e  art.  It  was  the  end  of 
a  progress  in  one  constant  direction,  which  had  run  through 
the  whole  history  of  European  architecture,  quite  indepen* 
dently  of  the  changes  from  style  to  style — ^unaffected  by  the 
Romanesque  debasement  of  the  art  or  its  Gothic  renoTation. 
This  was  the  progress  from  ma^mtvde  to  muUitudi.  Though 
twice  attaining  constructire  and  decorative  tnUh,  it  is  olh 
Tious  that  the  apparatus  of  the  art,  in  its  second  complete 
phase,  consisted  of  diminished  and  multiplied  derivatives  from 
the  chief  structural  members  of  its  first  phase.  The  process 
could  be  carried  no  further  :  complication  had  reached  its 
limit, — ^in  the  finite  divisibility  of  the  material, — ^in  the  finite 
capacity  of  man, — and  the  finishers  of  those  piles  should 
have  inscribed  on  them,  "  ArckUedure  is  finished  ;  htnceforth 
he  content  to  cofy?^ 

The  Gothic  system  fell  by  its  own  inherent  principles  of 
decay,  and  left  the  field  vacant  before  the  perceived  absence 
of  true  architecture  rendered  the  importation  of  a  new  system 
necessary.  Imitations  of  the  grotesque  must  be  carefully 
guarded  against  being  classed  with  the  pure  Gothic. 

PosT-GoTHic  Architecture. — Coeval  with  the  last  great 
transition  of  human  society:  from  the  invention  of  printing 
dates  the  fall  of  Gothic  art. 

The  present  Florentine  is  the  Doric  style  of  modem  pala- 
tial or  domestic  architecture. 

Yenice,  the  luxurious  mistress  of  the  Adriatic,  like  its  pro- 
22 
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type  the  Corinthian  of  old,  has  superseded  its  riirals,  hariag 
been  till  within  the  laat  few  years  the  general  model  to  the 
archltectnre  of  all  trans-alpine  Europe.  Its  aim  was  splen- 
dor, Yariety,  Inxnry  and  ornament.  Intermediate  between 
these  two  schools  arose  the  modern  Roman. 

The  English  school  was  foonded  on  the  Venetian. 

In  Florence,  mere  eye-pleasnre  is  foregone,  Yariety  denied, 
monotony  endured  for  the  sake  of  grandeur,  and  the  higher 
objects  of  the  art. 

In  Venice,  the  higher  excellences  are  sacrificed  to  the 
lower  ;  true  grandeur,  to  pompous  effect ;  intellectual  sense 
of  fitness,  to  mere  eumorphic  beauty  ;  the  mind,  to  the  eye  ; 
self-concealing  art,  to  self-displaying  art. 

To  describe  the  schools  more  technically,  or  with  regard 
to  mies  rather  than  principles, — the  Florentine  is  mostly  as- 
tylar,  the  style  of  fenestration  and  rustic  groins  ;  the  Ro* 
aum  the  style  of  pihisters  ;  the  Venetian,  that  of  columns. 
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CONCLUDING  REMARKa 


Among  the  few,  then,  that  enlist  on  the  side  of  Truth,  and 
resolutely  engage  in  this  perpetual  conflict  against  false, 
against  popular,  against  national  taste,  it  must  ever  be  borne 
in  mind,  first,  that  there  is  no  substiitUefor  thought.  All  the 
ponderous  tomes  of  examples,  specimens,  &c.,  from  Adams 
and  Stuart  downwards,  hare  been  intended,  or  received,  for 
this  purpose  ;  and,  cbs  such,  are  not  only  totally  worthless, 
"but  extremely  prejudicial  ;  though  invaluable  as  materials 
for  analysis,  free  criticism,  and  search  into  principles, — ^for 
which  purposes  they  have  never  yet  been  used. 

Nothing  can  increase  the  value  of  a  design^  which  does  not  ii^ 
crease  the  labor  of  the  designer,  (by  designer  I  do  not  mean 
draughtsman.  J  Every  reference  to  precedent  should  do  this,  and 
toill  do  so  with  every  true  artist.  But  the  false  artist  refers  to 
precedent,  to  save  himself  trouble  ;  that  is,  to  cheat  his  em- 
ployers, by  diminishing  the  value  of  his  work,  without  di- 
minishing its  apparent  value. 

II.  Novelty-hunting,  and  the  false  use  of  precedent,  are 
the  Scylla  and  Gharybdis  between  which,  the  many,  and  the 
architects  of  the  many,  are  forever  destined  to  be  wrecked. 
It  is  possible,  however,  to  fall  into  both  at  once. 

That  nothing  is  beautiful  which  is  without  motive,  most 
of  the  thinking  will  admit ;  yet  it  is  necessary  to  add,  that 
novelty  and  antiquity  are  no  admissible  motives.  But  though 
age  affords  no  reason  whatever  for  the  adoption  of  any  thing, 
it  gives  every  reason  for  its  examination  and  study, 

III.  We  cannot  too  strongly  instil  into  the  reader,  that 
while  notdty  is  in  itself  neither  a  beauty  nor  a  fault,  but  to- 
tally immaterial, — novdty  sought  for  its  own  sake  is  the  dea- 
trnction  of  art.  The  end  of  art  is  truth.  The  instant  it 
proposes  any  other  aim,  (be  it  notdty,  or  to  **  catch  the 
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spirit"  of  a  particular  time  or  place',  i,  e.,  mimicry,  or  any 
other  fancy  J  it  ceases  to  be  art ;  and  what  is  not  art,  is  not 
architecture.  Aim  at  catching  the  spirit  of  oH  trae  archi- 
tecture, not  that  of  any  one  style, — still  less,  of  a  notorious- 
ly/oZk  style. 

IV.  If,  as  we  haye  also  endeavored  to  instil,  the  main 
distinction  between  artists  is,  that  some  strive  to  put  as 
much  thought  as  possible  into  a  given  work,  and  others  to 
do  that  work  with  as  little  thought  as  possible, — ^then,  if 
one  of  these  principles  be  art,  it  follows  that  the  other  is  not 
merely  its  absence,  but  its  opposite , — not  a  mere  negation, 
but  an  active  principle,  for  which,  finding  no  name  used,  I 
would  propose  the  termafi/i-ar^.* 

A  very  small  portion  of  anti-art  peeping  out,  is  enough  to 
destroy  all  our  pleasure  in  a  work  of  art.  Witness  the  pots 
and  cowls  that  finish  the  sky-line  of  most  of  our  piles  of 
architecture.  A  foreigner  would  think  this  nation  bankrupt, 
to  judge  by  the  innumerable  public  buildings  standing  unfi- 
nished, covered  with  these  hideous  makeshifts. 

Y.  The  highest  beauty  is  fitness.  Therefore,  when  you 
see  a  thing  highly  beautiful,  beware  of  eopyifig  it  till  after 
mature  study  ;  for  the  more  beautiful  (i.  e.,  the  fitter)  it 
may  be  in  its  situation,  the  less  likely  to  be  fit  (i.  e.,  beauti- 
ful) in  any  other. 

Those  who  wonder  why  architects  often  condemn  what 
other  persons  of  good  taste  admire,  seem  to  forget  that  the 
latter  cannot  distinguish  what  belongs  to  the  designer,  from 
what  belongs  to  the  theory  of  his  art  as  he  found  it,  and 

^  Hare  ia  the  Bimplest  Inotanee  I  can  find,  which  viU  diapUy  the  two  prineiplee. 
The  reader  knows  the  oM  eatabliehed  waj  of  cotthig  the  itones  of  an  arch  in  rtti>ti< 
oated  maionry,  each  stone  presenting  a  flye-sided  fiitce:  well, two  other  modes  have 
lately  heen  adopted,  each  making  the  faces  of  the  ntones  fbar-slded.  In  one,  tha 
voQssoirs  are  altematelj  long  and  short,  like  batttements  ;  in  the  othw,  their  ex« 
trados  is  cut  to  a  regular  curve.  Persons  of  taste,  howexer,  prefer  the  old  method, 
but  without  knowing  why.  Now  I  will  teH  you  why.  Just  sketch  the  thre«  on 
paper,  and  you  will  peroeiye  that  the  old  is  hy  far  the  most  tzoablesome  to  design, 
yet  gires  the  least  work  to  the  mason;  having  fewest  oblique  joints.  Thought  Is 
expended  to  sare  manual  labor.  But  in  both  the  new  modea,  mental  labor  Is  snTtsd 
at  thaecponae  of  the  maaoaL    The  Brst  is  aft,  Ite  othtra  amHmi^ 
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which  not  oalj  the  tnte  artist  leams,  but  eTen  the  most  ig- 
norant falls  into,  as  we  ineyitably  fall  into  the  habits  of 
those  around  ns.  Bnt  the  eye  of  an  architect  has  acquired 
the  power  of  instantly  separating  these  two  parts  of  the  de- 
sign, setting  aside  the  one  as  a  mere  matter  of  routine,  but 
singling  out  and  fixing  itself  on  whateyer  is  the  designar^s 
oton.  Now,  if  we  perceiTe  that  all  the  beauty, — all  the 
truth  in  the  building,  belongs  to  the  former  portion  ;  that 
whatever  belongs  to  the  designer,  whatever  is  new, — ^is  false, 
— ^is  adopted  either  for  novelty,  or  to  save  thought,  or  for 
affectation,  or  for  anti-art,  we  condemn  the  work,  and  just- 
ly :  for  what  avails  it  to  have  been  correct  as  far  as  rules 
and  precedent  would  apply,  if  wherever  he  has  acted  for  him- 
self he  has  sinned  ?  What  avails  it  to  have  repeated  truly 
the  990  words  for  which  he  could  find  authority,  if  the  10 
which  he  was  obliged  to  add  are  all  false  ?  It  is  these  ten 
alone  that  show  whether  he  is  an  artist  or  not ;  and  these 
things,  though  small,  and  escaping  the  casual  glance  of  the 
public,  glare  to  our  eyes  as  huge  blots,  totally  defacing  the 
routine  beauty  ;  though  that  may  form  the  major  portion  of 
the  work,  and  may  cause  the  uninformed  to  regard  it  as 
pleasing  on  the  whole. 

Beware  of  mistaking  this  on  the  whole,  for  as  a  whole.  Sir 
Joshua  Reynolds  observes,  that  "  the  totally  ignorant  be- 
holder, like  the  ignorant  artist,  cannot  comprehend  a  whole, 
nor  even  what  it  means.''  When  such  speak  of  the  effect 
as  a  whole,  they  mean  on  the  whole.  The  effect  to  them  is 
pleasing,  if  it  contain  a  majority  of  pleasing  parts. 

Such  are  now  the  most  influential  judges  of  art.  By  a 
singular  inconsistency,  those  who  constantly  profess  to  be  no 
judges,  are  really  the  style-formers.  They  say,  "  We  know 
nothing  of  the  art,  but  we  know  what  pleases  us."  But 
what  does  this  assume  ?  Plainly,  that  the  art  is  intended  to 
flease  them.  This  is  the  grand  art-destroying  error.  No 
true' art  is,  or  ever  was,  meant  to  please  the  many,  but  to 
teach  them  when  to  be  pleased. 
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In  limiting,  we  fear,  the  nomber  of  tnie  artists,  it  most 
be  remembered  that  one  may  be  a  tme  artist  without  being 
a  master,  or  any  thing  like  one.  The  difference  is  this:  moat 
buildings  are  so  transparent,  that  we  look  at  their  front,  and 
see  throogh  to  the  back  of  the  designer's  mind.  According 
to  the  proportions  we  see  of  tkovghtspendiiig  or  tkauffht-fov' 
ing  spirit,  so  we  admire  or  condemn  ;  and  when  we  can  dis- 
cern no  self-sparing,  no  anti-art,  we  pronounce  the  work 
purdy  eUgafU  ;  but  not  necessarily  masterly.  The  work  of  a 
master  is  equally  or  even  more  transparent ;  but  though  the 
eye  pierce  deeper,  and  perhaps  find  more  faults,  it  cannot 
reach  the  bottom.  Admire  as  much  as  we  may,  we  perceive 
that  there  is  more  beyond,  left  unadmired. 

The  few  principles  which  we  have  endeavored  to  elicit  or 
explain  in  this  Yolnme,  have  been  arruiged  in  an  upward 
progression,  from  narrow  and  particular,  to  wider  and  more 
general  ones.  We 'first  tried  to  distinguish  the  different 
grades  of  beauty  in  building,  and  assign  them  their  true  re- 
lative ranks.  Thus  color,  whose  laws  of  harmony  are  purely 
physical,  came  before  uniformity,  which  appears  sometimes 
addressed  to  the  sense,  and  sometimes  to  the  mind.  Beauty 
of  outline,  being  wholly  addressed  to  the  mind,  though  per- 
haps to  its  lowest  faculties,  came  next,  and  was  traced  to 
the  union  of  unity  and  variety,  which  union  is  to  be  effected 
in  two  ways, — ^by  gradation,  and  by  contrast.  Proceeding, 
then,  from  unmeaning  beauty  to  that  which  is  distinguishable 
into  classes,  we  showed  that  its  two  opposite  characters — 
grandeur  and  elegance — depended  on  the  comparative  preva- 
lence of  these  two  principles — contrast  and  gradation.  Ac- 
cording to  the  relative  proportions  of  these,  we  divided  all 
possible  forms  into  five  classes,  and  insisted  on  the  obser- 
vance of  the  natural  disposition  and  subordination  of  these 
classes  one  to  another,  as  practised  in  all  the  pure  and  ad- 
mired styles.  This  we  regard  as  the  most  important  princi* 
pie  in  mere  geometric  detign^  apart  firom  constructive  and 
other  fitness. 


i 
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We  then  considered  the  two  cognate  qualities  ctsuhimUp 
and  puiuresquenesSf  referring  the  former  chiefly  to,  1.  The 
preyalence  of  contrast,  and  rarity  or  absence  of  gradation ; 
2.  The  expression  of  mechanical  power  in  the  construction  ; 
8.  The  principle  by  painters  called  breadth,  i,  e.,  the  collection 
of  CTery  thing  or  quality  into  great  unbroken  accumulations  ; 
4.  A  quality  we  called  d^h,  the  rererse  of  flatness  or  shal- 
lowness. On  the  difficult  subject  of  picturesqneness,  we  sim- 
ply gave  the  notions  of  Rnskin,  that  it  arises  from  the  same 
qualities  that  would  be  sublime  in  the  subject  itself,  attach- 
ing themselves  not  to  its  essence,  but  to  some  accident,  as 
light  and  shade,  color,  situation,  state  of  decay,  &c. 

We  next  considered  how  nature  should  be  i^mitated,  with 
generalization,  i,  e.,  by  taking  all  possible  objects  that  have 
the  character  we  want  to  give,  extracting  all  that  they  have 
in  common,  and  rejecting  what  is  peculiar  to  each.  We  in- 
sisted on  the  same  method  as  necessary  in  the  imitation  of 
masters,  styles,  and  manners  ;  and  endeavored  to  distinguish 
between  true  and  false  imitation,  or  copyism.  Ano*.her  kind 
of  false  imitation,  viz.,  deception^  was  then  considered  ;  the 
grievous  error  of  regarding  it  as  an  object  of  art,  the  total 
destruction  thereby  fallen  on  popular  art,  and  the  great 
caution  necessary  for  the  thoughtful,  who  would  escape  this 
defilement.  Connected  with  this,  we  endeavor  to  enforce 
comtrudivt  truth,  or  the  non-disguise  of  the  real  statical  prin- 
ciples of  the  construction  ;  and  lastly  (a  principle  hitherto 
totally  neglected  by  the  moderns,)  ccnstrttctive  unity,  or  the 
consistent  adherence  to  one  statical  method  throughout  a 
building. 

The  two  short  reviews  of  the  "  pure  styles''  afford  the 
reader  particular  instances  and  modifications  of  these  prin- 
ciples, and  perhaps  of  some  higher  ones. 

Pure  architecture,  then,  may  be  regarded  as  consisting  in 
the  combiuation  of  constructive  and  decorative  Truth,  in 
their  widest  sense,  or  of  constructive  and  decorative  Unitt. 

This  onion  was  anciently  sought  by  all  nations, — attained 
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bj  the  Greeks  alone, — dissolved  by  the  Roman  introduction 
of  the  arch, — gradually  lost  by  the  increasing  admixture  of 
that  constructive  principle, — ^restored  by  its  total  adi^tion, 
to  the  exclusion  of  all  other  apparent  construction, — and  a 
gecond  time  lost  by  the  increase  of  tensile  constmction  and 
the  indiscriminate  mixture  of  all  constructive  methods. 

Since  this  second  degradation  of  the  art,  however,  many 
great  artists  have  lived,  especially  in  Italy,  a  country  which 
has  never  attained  a  system  of  constructive  unity.  For,  ex- 
cept the  pseudo-Greek  buildings  of  the  empire,  and  the 
pseudo-Gothic  pile  of  Milan  cathedral,  with  a  few  other 
exotic  importations,  it  has  never  seen  a  building  possessing 
even  the  appearance  of  constructive  unity.  Such  a  country 
is  that  in  which  we  might  look  for  the  development  of  a  style 
suitable  to  the  mixed  construction  practised  for  the  last  three 
centuries  ;  and,  accordingly,  in  that  country,  such  a  style 
did,  after  many  ages  of  nnsuccessful  efforts,  at  length  appear, 
under  the  constellation  of  artists  that  adorned  the  fifteenth 
and  sixteenth  centuries.  The  system  then  developed  was  a 
new  one,  though  composed  of  classic  details.  It  affords  more 
scope  for  variety  in  general  arrangement  than  either  of  the 
pure  systems,— certainly  more  than  any  impure  ones  ;  and  it 
possesses  a  pliancy  that  may  be  bent  to  all  the  purposes 
probably  that  can  ever  be  required  in  buildings  of  mixed 
construction.  As  long  as  such  construction  prevails,  we  may 
safely  predict  the  continued  prevalence  of  this  architecture 
among  the  thinking. 

But  the  two  pure  systems,  perhaps  it  will  be  said,  are 
things  too  good  ever  to  be  entirely  given  up.  If  so,  far  more 
are  they  too  good  to  be  abused  and  caricatured.  If  they  are 
worth  copying  at  all,  they  are  worth  copying  completely  ; 
and  this  can  never  be  done  but  by  copying  their  construction 
as  well  as  their  decoration.  If  modern  habits  or  means  will 
not  permit  this,  they  will  not  permit  the  old  style.  Count 
the  cost,  therefore.  If  you  want  to  imitate  the  archlcss 
style,  your  building  must  be  archless,  or  a  huge  lie.     If  yoa 
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imitate  the  beamless  style,  it  most  be  beamless  ;  and  every 
nnyanlted  boildiDg,  ancient  or  modem,  that  apes  this  style, 
is  a  motiveless  and  unmeaning  sham. 

Not  less  preposterous  than  the  attempt  to  reviYe  dead 
styles,  is  the  requirement  to  invent,  for  ordinary  buildings,  a 
new  one.  As  long  as  we  have  no  new  style  in  construetiony 
we  can  have  none  in  architecture  ;  but  if  we  call  the  mixed 
construction  a  new  kind,  we  have  a  new  style  adapted  to  it, 
— a  modem,  a  living  style  ;  the  growth  of  modem  circuin- 
stances  and  of  the  existing  modes  of  constmction  : — new, 
moreover,  inasmuch  as  we  are  only  on  the  threshold  of  its 
possible  combinations  and  varieties,  far  more  inexhaustible 
than  thode  of  either  of  the  pure  systems.  In  this  country 
particularly,  the  beauties  of  the  modern  architecture  are 
hardly  known,  nor  can  it  be  said  to  have  ever  had  a  fair  trial, 
or  indeed  any  trial  in  more  than  one  or  two  classes  of  build- 
ings.* It  would  be  ridiculous  self-conceit  in  an  architect,  to 
pretend  wilfully  to  go  back  and  try  to  solve  anew  that  which 
has  been  already  solved,  and  only  by  the  succession  of  a  long 
line  of  great  artists.  He  can  never  hope  to  overtake  them 
with  such  a  start  in  their  favor  ;  while  by  commencing  from 
the  point  they  reached,  the  poorest  talents  may  advance 
beyond  them. 

But  while  no  inventive  architect  would  wish  for  a  new 
style,  convinced  that  there  is  fieur  more  scope  for  variety  and 
new  combination  in  one  ahready  enriched  with  the  accumulated 
genius  of  three  centuries  ;  it  is  certain  that,  in  another  point 
of  view,  a  new  style  is  indispensable.  There  is  a  class  oi 
buildings  tending  towards  a  new  style  of  constmction, — ^be- 
coming less  mixed  in  this  respect, — and  approachbg  a  con- 
sistent use  of  tensile  covering  to  the  exclusion  of  every  other. 

•  What  are  called  classio  churches,  for  instanoe,  are.  for  the  most  part,  mere 
anti-art,  no  more  Claasie  than  they  are  Chinese.  Wren  had  no  opportunity  of 
•reotln^  a  handsome  parish  church.  Bis  pupils  fell  either  into  littleness  or 
Borominian  corruption  ;  and  since  their  time,  there  hare  only  been  hole-in-the- 
wall  preaching  rooms,— sham  templea,— and  now  psendo-Oothices^ne  bams,  copies 
of  copies  by  medlsBval  Tillage  masooa.  Itagland  does  not  poaseis  a  modem  efanrah 
In  fh«  mod«  itylit. 
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To  this  third  sjstem  of  c(n:kfitnictiTe  unity,  Aere  is  vo  old 
style  adapted.  None  was  invented  for  it.  It  is  a  new  thing, 
and  its  treatment  most  be  new, — new,  beeanse  snlject  to  old 
principles  ;  and  to  be  effected  only  by  a  patient  search  into 
those  old  principles.  Let  ns  not  mistake  what  we  have  to  do. 
It  is  that  which  has  been  done  only  twice  before  ;  in  the  time 
of  Doras,  and  in  the  thirteenth  centory.  We  must  carefully 
attend  to  the  modes  by  which  it  was  effected  on  both  thoee 
occasions.  On  the  first  it  was  done  most  perfectly.  There 
was  the  least  to  do.  There  was  no  lumber  of  a  rotten  syston 
to  sweep  away.  There  was  falsehood  indeed  to  rectify,  bat 
it  was  only  decorative,  not  constructive,  and  probably  un- 
backed by  prejudices  and  precedent.  The  second  purification 
was  less  complete,  but  more  like,  in  circumstances,  to  that 
now  required.  Its  grand  impediments  were  prejudices  in 
favor  of  old  but  useless  forms,  and  against  an  useful  member 
(the  buttress,),  under  the  notion  that  it  was  unarchitecturaL 
80  is  it  now.  The  method  of  tying  buildings  together,  (said 
Wren,)  instead  of  giving  the  arches,  Ac,  sufficient butment, 
is  contrary  to  the  principles  of  sound  architecture.  Yes, 
contrary  to  the  only  two  systems  of  architecture  known  to 
him  or  to  us,  but  not  therefore  contrary  to  all  possible 
systems.  A  Greek  would  have  condemned  thus  the  method 
of  wed^ng  stones  together  by  lateral  pressure ;  and  after 
this  method  was  introduced  and  used  in  all  buildings,  it  was 
fifteen  centuries  before  architects  could  be  brought  to  admit 
the  appearance  of  this  lateral  pressure.  For  a  still  longer 
period  has  tension  been  a  principle  of  building,  and  yet  not 
of  architecture  ;  much  longer  has  the  tie  been  struggling  for 
admission,  and  been  refused.  As  nothing  was  effected  to- 
wards the  development  of  the  second  system  till  the  arch 
covering  became  universal, — till  a  building  became  heafnUss; 
BO  can  no  advance  toward  the  third  be  expected  till  this 
constructive  principle  becomes  universal,  in  the  widest  cover- 
ing and  in  the  narrowest, — till  a  building  be  erected  both 
wUuml  Ufitd  and  vnthout  butment 
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If  the  retaining  of  nseless  entabbtnres  after  their  office 
was  superseded  by  the  arch,  was  a  falsehood  and  a  hindrance 
necessary  to  be  swept  awaj  before  any  progress  conld  be 
effected, — ^have  we  not  a  perfect  parallel  in  the  retaining  of 
useless  buttresses  after  their  dnty  has  been  superseded  by  the 
tie? 

There  is,  among  other  art-destroying  fallacies,  a  notion 
BOW  prevalent,  that  architectural  styles  spring  up  of  them- 
.  selves,  and  that  if  we  wait  long  enough,  in  process  of  time  a 
new  one  may  grow  up,  we  know  not  how.  A  new  railway 
is  more  likely  to  grow  up.  Decorative  manrurs,  fashions,  are 
not  to  be  confounded  with  a  new  style,  still  less  with  a  new 
system,  suca  as  the  two,  the  only  two,  that  possess  con- 
structive and  decorative  unity.  Yet  even  a  new  fashion  does 
not  come  unsought, — without  search  after  novelty.  Far  less 
can  an  architectural  system  arise  but  by  an  earnest  and 
rightly  directed  search  after  truth.  For  five  thousand  years 
have  all  the  nations  beyond  the  radius  of  Greek  influence 
sought  a  true  system  of  beam  architecture,  and  never  found 
it.  For  fifteen  centuries  did  Europeans  use  the  arch,  and 
seek  a  system  of  arch  architecture,  before  they  found  it.  For 
a  much  longer  time  have  Arabs,  Turks,  Chinese,  sought  the 
same,  and  never  attained  it.  For  twenty  centuries  did  the 
Italians  practise  mixed  construction,  and  seek  a  system 
thereof,  before  they  attained  it.  Let  us  not  deceive  ourselves  : 
a  style  never  grew  of  itself ;  it  never  will.  It  must  be  sought, 
and  sought  the  right  way.  We  may  blunder  on  in  a  wrong 
path  forever,  and  get  no  nearer  the  goal. 

A  new  style  requires  the  generalized  imitation  of  nature 
and  of  many  previous  styles  ;  and  a  new  system  requires,  in 
addition  to  this  (as  Professor  Whewell  has  remarked),  the 
binding  of  all  together  by  a  new  prindple  of  vmty,  clearly 
understood,  agreed  upon,  and  kept  constantly  in  view.  Con- 
structive statics  affords  three  such  principles, — the  depressilb, 
the  coMPBESsiLE,  and  the  tensile  methods, — ^the  heam — the 
aarch — ^the  truss ;  of  which  the  two  former  have  been  made 
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tbe  bases  of  past  sjstems  :  the  third  is  oxxn,  to  be  used  in 
the  same  manner. 

Snch  I  belieTe  to  be  the  problem  Troth  propounds  to  the 
architects  of  the  present  time ;  bnt  its  solution  will  be  foond 
ntterlj  hopeless,  as  long  as  we  indulge  any  hankering  after 
novelly  for  its  own  sake  ;  anj  mean  disposition  to  follow  in- 
stead of  correcting  popular  taste;  and  above  all,  let  none 
dare  attempt  it  till  we  hare  engraved  on  our  compasses  a 
haeknied  sentence,  bat  one  which  I  suspect  to  contain  nearly 
the  whole  theory  of  art, — seek  not  to  seem  what  you 

WOUin  BB,  BUT  to  BE  WHAT  TOC  WOULD  SEEM. 


ANCIENT   MONUMENTS  OF  GREECE. 


Etsby  od%  ean  understand  the  regret  with  whidi  we 
behold  the  remains  of  ancient  grandeur,  and  the  capitals  ot 
buried  empires.  !niis  feeling,  so  proftmnd  in  Jerusalem  and 
Borne^  is  eren  oiore  so  in  Athens, — 

"the  €^6  of  Greeei^  motlier  of  arts 
And  eloquence^  natire  to  &11101U  witi^ 
Or  hospiUble— ** 

a  citj  never  so  large  as  New  York,  but  whose  inhabitants 
produced  within  the  short  space  of  two  centuries,  reckoning 
from  the  battle  of  Marathon,  as  Landor  sajs,  a  larger  number 
of  ezijuisite  models,  in  war,  philosophy,  patriotism,  oratoiy, 
and  poetry — ^in  the  semi-mechanical  arts  which  accompany 
or  follow  them,  sculpture  and  painting — and  in  the  first  of 
the  mechanical,  architecture^  than  the  remainder  of  Europe 
in  six  thousand  years. 

The  monuments  of  antiquity  which  still  exist  in  Athens 
have  been  described  by  Chandler,  Ckrke,  Gell,  Stuart,  Dod- 
well,  Leake,  and  other  travellers,  the  most  recent  and  com- 
petent of  whom  perhaps  is  Mr.  Henry  Cook,  of  London, 
author  of  Illustrations  of  a  Tour  in  ike  Ionian  Island^ 
OreecSy  and  Constantinople^  who  has  just  made  for  the 
Art-Journal  a  series  of  drawings  of  those  which  are  most 
important,  representing  them  in  their  present  condition. 
ThesQ  drawings  by  Mr.  Cook,  we  have  partially  repro- 
duced in  the  present  volume,  making  liberal  use  at  the  same 
time  of  his  descriptions. 

Until  the  sacrilegious  hand  of  the  late  Lord  Elgin  despoiled 
Athens  of  ^  what  Goth,  and  Turk,  and  Time  had  spared,'' 
the  world  could  still  see  enough  to  render  possible  a  just 
23 
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impresfiion  of  her  old  and  chaste  magnifioenoe.  It  is  painful 
to  reflect  within  how  comparatively  short  a  period  the  chief 
injuries  have  been  inflicted  on  such  buildings  as  the  Parthenon 
and  the  temple  of  Jupiter  Oljmpus,  and  to  remember  how 
recent  is  tlie  greater  part  of  the  rubbish  by  which  tbese  edifices 
have  been  choked  up,  mutilated,  and  ccmcealed  ProbaUj 
until  within  a  very  few  eenturies,  ^e  had  been  simply  and 
alone  the  **  beautifier  «of  the  dead,"  ^  adomer  of  the  ruin,** 
and,  but  for  the  vandalism  of  a  few  barbarians,  we  might 
have  gased  on  the  remains  of  former  greatness  without  an 
emotion  except  of  admiration  for  the  genius  by  which  they  were 
created.  The  salient  feature  (probably  the  only  one)  in  the 
present  rule  at  Athens  is  one  which  aflfords  the  highest  satis- 
faction to  those  interested  in  this  subject  Slowly,  indeed, 
and  with  an  absence  of  all  energy,  is  going  on  the  restora- 
tion of  some,  the  disinterment  of  others,  and  the  conserva- 
tion of  all  the  existing  monuments ;  and  time  will  probably 
ere  long  give  us  back,  so  far  as  is  possible,  all  that  the  van- 
dalism or  recklessness  of  modern  sges  has  obecured  or 
destroyed.  On  the  Acropolis  the  results  of  tl)e8e  eflEbrts  at 
restoration  are  chiefly  visible;  day  by  day  the  debris  of 
ruined  fortifications,  of  Turkish  batteries,  mosques,  and  maga- 
zines, are  disappearing ;  every  thing  which  is  not  Pentelic 
marble  finds  its  way  over  the  steep  sides  of  the  fortress,  and 
in  due  time  nothing  will  be  left  but  the  scattered  fragments 
which  really  belonged  to  the  ancient  temples.  ''  The  details," 
says  Mr.  Cook, "  of  the  partial  destruction  of  this  old  fortress — 
founded  1566  years  before  the  advent  of  the  Saviour — under 
the  fire  of  the  Venetians,  commanded  by  Morosini,  are  so  well 
known,  that  I  have  thought  it  unnecessary  to  repeat  them  ;  but 
it  is  impossible  to  recall  them  without  a  shudder,  as  the  reflec- 
tion is  forced  on  one,  of  what  must  have  been  their  fate  whose 
wickedness  caused  an  explosion  which  could  scatter,  as  a 
horse's  hoof  may  the  sands  of  the  sea-shore,  the  giant  masses 
which  for  ever  bear  witness  to  the  power  of  that  mighty 
agent  we  have  evoked  from  the  earth  for  our  mutual  destruo- 
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tMS."  At  ibe  west  end  of  tbe  Acropob's,  bj  which  alone  it 
was  accessible,  stood  the  Propjlsa,  its  gate  as  well  as  its 
defence.  Through  this  gate  the  periodical  processions  of  the 
Panathenaic  jubilee  were  wont  to  move,  and  the  marks  of 
chariot  wheels  are  still  visible  on  the  stone  floor  of  it9 
entrance.  It  was  of  the  Doric  order,  and  its  right  wing  was 
supported  by  six  fluted  columns,  each  five  feet  in  diameter, 
twenty-nine  in  height,  and  seven  in  their  intercolumniation. 
**  Here  perhaps  the  chief  work  has  been  accomplished  ;  all  tbe 
now  detached  columns  were  built  up  with  solid  brickwork, 
batteries  were  erected  on  the  spot  occupied  by  the  Temple 
of  'Victory  without  wings,'  and  on  the  square  which 
answered  to  it  on  the  opposite  side  of  the  flight  of  marble 
steps ;  the  whole  of  which  were  deeply  buried  (not  until  they 
had  severely  suffered),  beneath  the  ruins  of  the  fortification 
which  crumbled  away  under  the  Venetian  guns.  These 
walls  have  been  removed,  the  batteries  destroyed,  and  the 
material  of  which  they  were  composed  taken  away;  the 
steps  exhumed,  and  the  five  grand  entrances,  by  which  the 
fortress  was  originally  entered,  opened,  although  not  yet 
rendered  passable.  It  would  be,  I  imagine,  impossible  to 
conceive  an  approach  more  magnificent  than  this  must  have 
been.  The  whole  is  on  such  a  superb  scale,  the  design,  in 
its  union  of  simplicity  and  grandeur,  is  so  perfect,  the 
material  so  exquisite,  and  the  view  which  one  has  from  it  of 
the  Parthenon  and  the  Erechtheum  so  beautiful,  that  no 
interest  less  intense  than  that  which  belongs  to  these  temples 
would  be  suflScient  to  entice  tbe  stranger  from  ils  contem- 
plation.'* 

On  the  right  wing  of  the  Propylsea  stood  the  temple  of 
Victory,  and  on  the  left  was  a  building  decorated  with 
paintings  by  the  pencil  of  Polygnotus,  of  which  Pausanias 
has  left  us  an  account  In  a  part  of  the  wall  still  remaining 
there  are  fragments  of  excellent  designs  in  basso-relievo, 
representing  the  combat  of  the  Athenians  with  the  Amazons ; 
besides  six  columns,  white  as  snow,  and  of  the  finest  architeo- 
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ture.  Near  the  Propylna  stood  the  eelebmtcd  cdoMal 
statue  of  Mmenra,  executed  bj  Phidias  after  the  batUe  of 
Marathon,  the  height  of  which,  including  the  pedestal,  was 
sixty  feet 

The  chief  glory  of  the  Acropolis  was  the  Parthenon,  or 
temple ,  of  Minerva.  It  was  a  peripteral  octostyle,  of  the 
Doric  order,  with  seventeen  columns  on  the  sides,  each  six 
feet  two  inches  in  diameter  at  the  base,  and  thirty-four  feet 
in  height,  elevated  on  three  steps.  Its  height,  from  the  base 
of  the  pediments,  was  sixty-five  feet,  and  the  dimensions  of 
the  area  two  hundred  and  thirty-three  feet,  by  one  hundred 
and  two.  The  eastern  pediment  was  adorned  with  two 
groups  of  statues,  one  of  which  represented  the  birth  of 
Minerva,  the  other  the  contest  of  Minerva  with  Neptune  for 
the  government  of  Athens.  On  the  metopes  was  sculptured 
the  battle  of  the  Centaurs  with  the  Lapithze  ;  and  the  frieze 
contained  a  representation  of  the  Panathenaic  festivals. 
Ictinus,  Callicrates,  and  Carpion,  were  the  architecta  of 
this  temple;  Phidias  was  the  artist;  and  itB  entire  cost  has 
been  estimated  at  seven  million  and  a  half  of  dollars.  Of 
this  building,  eight  columns  of  the  eastern  front  and  several 
of  the  lateral  colonnades  are  still  standing.  Of  the  frontis- 
piece, which  represented  the  contest  of  Neptune  and  Minerva, 
nothing  remains  but  the  head  of  a  sea-horse  and  the  figures 
of  two  women  without  beads.  The  combat  of  the  Centaurs 
and  Lapithse  is  in  better  preservation  ;  but  of  the  numerous 
statues  with  which  this  temple  was  enriched,  that  of  Adrian 
alone  remains.  The  Parthenon,  however,  dilapidated  as  it 
is,  still  retains  an  air  of  inexpressible  grandeur  and  sublimit ; 
and  it.forms  at  once  the  highest  point  in  Athens,  and  the 
centre  of  the  Acropolis. 

To  stand  at  the  eastern  wall  of  the  Acropolis,  and  gaze  on 
the  Parthenon,  robed  in  the  rich  colors  by  which  time  haa 
added  an  almost  voluptuous  beauty  to  its  perfect  proportions 
— to  behold  between  its  columns  the  blue  mountains  of  the 
Morea,  and  the  bluer  seas  of  £^na  and  Sahimis,  with  aoaa- 
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tbua-eovered  or  irj- wedded  fragmeoto  of  mi^ettio  friezes,  and 
migbtj  capitals  at  jour  feet — the  sky  of  Greece,  flooded  by 
the  gorgeous  hues  of  sunset,  above  your  head — Mr.  Cook 
describes  as  one  of  the  highest  enjoyments  the  world  can 
offer  to  a  man  of  taste.  He  is  opposed  to  the  projects  of  its 
restoration,  and  says  that,  '*  to  real  lovers  of  the  picturesque, 
the  Parthenon  as  it  now  stands — a  ruin  in  every  sense  of 
the  term,  its  walls  destroyed,  its  columns  shivered,  its  frieages 
scattered,  its  capitals  half  buried  by  their  own  wdght,  but 
dear  of  all  else— is,  if  not  a  grander,  assuredly  a  more  im* 
pressive  object  than  when,  in  the  palmiest  days  of  Athenian, 
glory,  its  marUe,  pure  as  the  unihilen  snow,  first  met  the 
rsys  of  the  morning  sun,  and  excited  the  reverential  admira- 
tion of  the  assembled  multitudes." 

On  the  northeast  side  of  the  Parthenon  stood  the  Erech- 
theam,  a  temple  dedicated  to  the  joint  warship  of  Neptune 
and  Minerva.  There  ^re  considerable  remains  of  this  builds 
ing,  particularly  those  beautiful  female  figures  called  Cary- 
atides, which  support,  instead  of  columns,  three  of  the  porti*- 
coes ;  besides  three  of  the  columns  in  the  north  bexastyle 
with  the  roof  over  these  last  columns.  The  rest  of  the  roof 
of  this  graceful  portico  fell  during  the  siege  of  Athens,  in 
1827.  Lately  much  has  been  done  in  the  way  of  excavation  ; 
the  buried  base  of  this  tripartite  temple  has  been  cleared ; 
the  walls,  which  had  been  built  to  make  it  habitable,  have 
been  removed ;  the  abducted  Caryatid  replaced  by  a  moderB 
copy,  the  gift  of  Lord  Guildford,  and  the  whde  prepared  for 
a  projected  restoration. 

The  Temple  of  Victory  without  wings,  already  mentioned, 
is,  with  the  exception  of  the  pavement,  entirely  a  restoration ; 
ht  nearly  two  centuries  all  trace  of  it  was  lost,  all  mention 
omitted.  In  removing  one  of  the  Turkish  batteries,  in  order 
to  clear  the  entrance  to  the  Propyiaea,  some  fragments  were 
found  which  led  to  a  more  minute  investigation ;  and,  after 
a  short  time,  the  foundation,  the  pavement,  and  even  the 
bases  of  boom  of  the  columns  were  dittnterred,  making  its 
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reconstructioa  not  only  rery  easy,  but  extremely  Mtis&ctory. 
It  is  small,  bot  of  exquisite  proportions,  and  now  perfect, 
with  the  exception  of  a  portion  of  the  friece,  which  is  in  the 
British  Museum.  A  peculiarity  of  this  temple  ia,  that  it 
stands  at  an  angle  slightly  diflfering  from  that  of  the  Propy- 
lisa  itself, — ^a  fact  for  which,  as  it  clearly  formed  one  of  the 
chief  ornaments  to,  and  was  certainly  built  after,  this  noUe 
portico,  it  is  difficult  to  aasigu  any  very  good  reason. 

Such  is  an  outline  of  the  chief  buildings  of  the  Acropolis, 
which,  in  its  best  days,  had  four  distinct  characters ;  beings 
at  once  the  fortress,  the  sacred  indosure,  the  treasury,  and 
the  museum  of  art,  of  the  Athenian  nation.  It  was  an  entire 
offering  to  the  deity,  unrivalled  in  richness  and  splendor ;  it 
was  the  peerless  gem  of  Greece,  the  glory  and  the  pride  of 
genius,  the  wonder  and  envy  of  the  worlid. 

Beneath  the  southern  wall  of  the  Acropolis,  near  its  extre- 
mity, was  situated  the  Athenian  or  Dionysiac  theatre.  Its 
seats,  rising  one  aboTe  another,  were  cut  out  of  the  sloping  rook* 
Of  these,  only  the  two  highest  rows  are  now  visible,  the  rest 
being  concealed  by  an  accumulation  of  soil,  the  removal  of 
which  would  probably  bring  to  light  the  whole  shell  of  the 
theatre.  Plato  affirms  it  was  capable  of  containing  thirty 
thousand  persons.  It  contained  statues  of  all  the  great 
tragic  and  comic  poets,  the  most  conspicuous  of  which  were 
naturally  those  of  ./fiachylus,  Sophocles,  and  Euripides, 
among  the  former,  and  those  of  Aristophanes  and  Menander 
among  the  latter.  On  the  southwest  side  of  the  Acropolis  is 
the  site  of  the  Odeum,  or  musical  theatre  of  Herodes  Atticus, 
named  by  him  the  theatre  of  Regilla,  in  honor  of  his  wife. 
On  the  northeast  side  of  the  Acropolis  stood  the  Prytaneum, 
where  citizens  who  had  rendered  services  to  the  state  were 
maintained  at  the  public  expense.  Extending  southwards 
from  the  site  of  the  Prytaneum,  ran  the  street  to  which 
Pausanias  gave  the  name  of  Tripods,  from  its  containing  a 
number  of  small  temples  or  edifices  crowded  with  tripods^  to 
econmemorate  the  triumphs  gained  by  the  Choragi  in  the 
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theatre  of  Bacchus.  Opposite  to  the  west  end  of  the  Aero* 
polis  is  the  Areopi^us,  or  hill  of  Mars,  on  the  eastern  ex* 
treiuity  of  which  was  situated  the  celebrated  court  of  the 
Areopagus.  This  point  is  reached  by  means  of  sixteen 
stone  steps  cut  in  the  i^Dck,  immediately  above  which  is  a 
bench  of  stcme,  forming  three  sides  of  a  quadrangle,  like  a 
triclinium,  generally  supposed  to  hare  been  the  tribunaL 
The  ruins  of  a  small  chapel  consecrated  to  St,  Dionysius  the 
Areopagite,  and  commemorating  his  conversion  by  St  Paul, 
are  here  visible.  About  a  quarter  of  a  mile  southwest  from 
the  centre  of  the  Areopagus  stands  PnyX|  the  place  provided 
for  tlie  public  assemblies  at  Athens  in  its  palmy  days.  The 
steps  by  which  the  speaker  mounted  the  rostrum,  and  a  tier 
of  three  seats  hewn  in  the  solid  rock  for  the  audience,  are 
still  visible.  This  is  perhaps  the  most  interesting  spot  in 
Athens  to  the  lovers  of  Grecian  genius,  being  associated  with 
the  renown  of  DemostheneS|  and  the  other  &med  Athenian 
orators, 

"  whose  resistless  eloquence 
Wielded  at  will  that  fierce  democratie, 
Shook  the  arBenal,  and  falmioed  over  Qreeee^ 
To  MaoedoD,  and  Artazerzes'  throne.*' 

Descending  the  Acropolis,  the  eye  is  at  once  arrested  by 
the  magnificent  remains  of  the  temple  of  Jupiter  Olyropusi 
and  by  the  Arch  of  Hadrian.  Whether  from  its  proximity 
to  the  gorgeous  monument  first  named,  or  that  it  is  intrinsic 
oally  deficient  in  that  species  of  merit  which  appeals  directly 
to  the  senses,  the  Arch  of  Hadrian  attracts  comparatively 
little  notice.  It  is,  however,  a  highly  interesting  monumenti 
bearing  unmistakable  marks  of  tlie  decline  of  art ;  yet  dia- 
tbguished  for  much  of  that  quality  of  beauty  which  gives  so 
peculiar  a  character  to  the  architecture  of  tlie  Greeks.  The 
inscriptions  on  the  sides  of  the  entablature  have  given  rise  to 
much  learned  discussion,  and  have  led  to  a  far  more  lucid 
arrangement  oi  the  city  and  its  chief  ornameniSi  than  would 
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in  all  probabililj  have  been  aocomplished,  had  not  inqairy 
and  inywtigation  been  sparred  an  by  the  difficulty  of  com* 
prehending  their  exact  meaning. 

Of  two  TiewB  <tf  the  temple  of  Jupiter  Olympus,  Mr.  Cook 
dioee  that  in  which  the  Acropolifl  is  seen  in  the  distance. 
Hie  three  lofty  Ck>rinthian  columns  in  the  other  engraving 
are  diminished  in  the  scale  of  the  arch,  while  the  Acropolis, 
from  its  greater  complexity  of  parts,  adds,  perhaps,  something 
of  a  quality  in  which  the  subject  is  rather  wanting.  ^  I  am 
not  sure,"  says  Mr.  Ooolc,  "  that  the  remains  of  the  temple  of 
Jupiter  Olympus  are  not  the  most  impressive  which  Athens 
offers  to  the  eye  and  heart  of  the  traveller,  partly  from  their 
abstract  grandeur — a  grandeur  derived  from  every  element 
which  could  contribute  to  such  an  end — and  partly  from  a 
position  than  which  it  would  be  impossible  to  conceive  any 
thing  more  magnificent.  The  gigantic  columns  struck  me 
with  A  sense  of  awe  and  bewilderment,  almost  oppressive ; 
they  consist,  as  may  be  seen  by  the  engraving,  of  sixteen, 
the  sole  representatives  of  the  one  hundred  and  twenty  which 
once  formed  this  mightiest  of  Athenian  temples.  The  least 
thoughtful  person  could  scarcely  avoid  the  question  of  where 
and  how  the  remaining  one  hundred  and  four  of  diese  enor- 
mous masses  can  have  vanished ;  and  assisted  by  the  fullest 
informatioii  which  is  to  be  acquired  on  the  subject,  it  remains 
A  matter  of  wonder  to  all.  That  time  itself  has  had  but  little 
to  anawer  lor,  the  almost  perfect  preservation  of  portions  is 
sufficient  to  prove ;  in  some  cases  the  flutings  are  »r  sharp 
and  clean  as  when  the  hand  of  the  sculptor  left  them,  while, 
more  generally,  they  bear  disgraceful  evidence  of  ill-usage  of 
every  kind,  from  that  of  the  cannon  ball  to  the  petty  mi»> 
ehi^  ct  wanton  idleness.  The  proportion  of  these  columns 
la  quite  perfect,  and  the  mind  is  lost  in  charmed  wonder,  as 
wandering  from  part  to  part  of  the  vast  platform,  it  is  pre- 
sented at  every  step  with  combinations  perpetually  changing, 
yet  always  beautiful.  So  difficult  do  I  find  it  to  determine 
from  what  point  of  view  these  ruins  are  seen  to  the  greatest 
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adyantage,  that  I  have  appended  two  engrvnugBy  from 
which  the  reader  may  select  that  which  best  coxiTeys  to  him 
the  magnificence  of  the  structure  which  has  been  thua 
slightly  described/'  The  temple  of  Jnpiter  Olympus  was 
one  of  the  first  conceived,  and  the  last  executed  of  the  sacred 
monuments  of  Athena.  It  was  begun  by  Fisistratus,  but  not 
finished  till  the  time  of  the  Roman  emperor  Adrian,  seven 
hundred  years  afterwards. 

A  proof  of  the  varied  character  of  the  Athenian  architect 
tural  genius  may  be  found  in  the  exquisite  model,  the 
lantern  of  Demosthenes,  or,  as  it  is  more  properly  called,  the 
Choragic  monument  of  Lysicrates.  It  is,  in  common  with 
the  greater  number  of  the  remaius  of  which  we  speak,  of 
Pentelic  marble.  By  whomever  conceived,  designed,  or  exe* 
cuted,  this  must  have  been  a  labor  of  love,  and  the  result  is 
such  as  might  be  anticipated  from  the  consequent  develop- 
ment of  the  highest  powers  of  one  to  whom  a  people  like 
the  Athenians  would  entrust  the  task  of  doing  honor  to 
ihosid  who  had  paid  to  their  native  land  a  similar  tribute. 
It  is  small,  and  formed  of  a  few  immense  masses :  the  roof  is 
one  entire  block ;  the  temple  or  monument  itself  is  circular, 
and  is  formed  of  six  slabs  of  pure  white  marble,  the  joints  of 
which  are  concealed  by  an  equal  number  of  beautiful  Coriu- 
thian  columns,  partly  imbedded  into,  and  partly  projecting 
from  them.  These  have  been  fitted  with  such  exactness^ 
that  before  the  ^  fretting  hand  of  time  and  change''  had  done 
its  work,  the  whole  must  have  appeared  as  if  cut  from  one  solid 
mass.  We  have  this  single  example  of  a  class  of  buildings 
once  so  numerous  that  they  formed  an  entire  street;  but 
however^  grateful  on§  may  feel  to  the  hospice,  which,  being 
built  over,  protected  it  from  the  ruin  of  its  companions,  we 
can  scarcely  regret  its  disappearance,  through  which  alone 
this  exquisite  result  of  intellect  and  refined  taste  may  be  aeen 
as  represented  in  the  engraving. 

The  Temple  or  Tower  of  the  Winds,  haa  been  very  justly 
termed  ^  the  most  curious  existing  monument  of  the  practi 
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cal  gnomonics  of  antiquitj.^  In  architecture  no  veij 
elerated  rank  can  be  assigned  to  this  edifice,  nor  is  there,  even 
in  its  ornamental  portions,  any  very  remarkable  eyidence  of 
the  higher  order  of  Grecian  art ;  the  execution,  indeed,  can 
in  nowise  be  considered  equal  to  the  conception,  which,  if 
somewhat  fiftncifully  elaborated,  is  at  least  highly  to  be 
esteemed,  as  uniting  in  a  more  than  ordinary  degree  the 
practically  useful  with  the  poetical  ideal.  Near  the  new 
Agora,  and  consequently  in  the  heart  of  the  more  densely 
populated  division  of  the  city,  this  indicator  of  the  wind  and 
hour  must  have  been  a  valuable  contribution  to  the  Atheni- 
ans, and  must  have  given  to  its  founder,  Andronicus  Gyrres- 
tes,  a  proud  position  among  the  bene  merenti  of  the  moment 
Its  form  is  octagonal,  the  roof  being  of  marble,  so  cut  as  to 
represent  tiles ;  upon  the  upper  portion  of  each  face  is  sculp- 
tured the  figure  of  one  of  the  eight  Winds ;  these  floating  in 
an  almost  horizontal  position  convey,  either  by  their  dresa, 
the  emblems  which  they  bear,  or  the  expression  of  their 
features,  the  character  of  the  wind  they  are  respectively 
intended  to  personify.  Within  a  very  recent  period  this 
building,  which  was  more  than  half  buried,  has  been  ex- 
humed, and  many  important  facts  have  been  discovered 
during  the  process  of  excavation.  The  interior  has  been 
cleared,  and  in  the  pavement  may  be  seen  the  channels  by 
which  the  water  was  conveyed  to  the  machinery  by  whose 
agency  the  hour  was  indicated,  when  the  absence  of  the  sua 
rendered  the  dials  described  upon  the  marble  faces  of  the 
tower  of  no  avail.  These  dials  have  been  tested  and  pro- 
nounced perfectly  correct,  by  a  no  less  celebrate(|  authority 
than  Delambre.  The  two  arches  on  the  left  of  Uie  illustra- 
tion are  the  only  remaining  portions  of  the  aqueduct  by 
which  the  necessary  supply  was  conveyed,  according  to 
Stuart,  from  the  spring  in  the  grotto  of  Pan ;  it  is  a  matter 
of  gratulation  alike  to  the  antiquarian  and  the  lover  of  the 
picturesque,  that  these  have  been  spared.  From  the  amount 
of  excavation  necessary  to  arrive  at  its  basement,  it  ia  clear 
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that  this  portion  of  the  town  miut  have  been  raised,  by  ruins 
and  atmospherio  deposits,  at  least  eight  or  nine  feet  above 
its  original  level 

The  temple  of  Theseus,  apart  from  the  present  town,  and 
in  a  comparatively  elevated  and  isolated  position,  built  by 
Cimon,  shortly  aller  the  battle  of  Salamis,  is  one  of  the 
most  noble  remains  of  the  ancient  magnificence  of  Athens, 
and  the  most  perfect,  if  not  the  most  beautiful,  existing 
specimen  of  Grecian  architecture.  It  is  built  of  Pentelic 
marble ;  the  roof,  friezes,  and  cornices,  still  remain ;  and  so 
gently  has  the  hand  of  time  pressed  upon  this  venerable 
edifice,  that  the  first  impression  of  the  mind  in  beholding  it, 
is  doubt  of  its  antiquity.  It  was  raised  thirty  years  before 
the  Parthenon,  unlike  which  it  appears  to  have  been  but 
sparingly  supplied  with  sculptural  decoration;  but  that 
which  was  so  dedicated  was  of  the  highest  merit,  and 
remaining  in  an  almost  perfect  condition,  is  most  deeply 
interesting  to  the  artist  and  the  historian  :  supplying  to  the 
one  models  of  beauty,  and  to  the  other  the  most  undeniable 
data,  upon  which  to  establish  the  identity  of  this  with  the 
temple  raised  by  the  Athenians  to  the  Ilero-God. 

After  having  been  successively  denominated  the  remains 
of  the  Palace  of  Pericles,  of  the  temple  of  Jupiter  Olympua 
(an  unaccountable  blunder),  the  Painted  Portioo,  the  Forum 
of  the  inner  Cerameicus,  the  magnificent  wreck  of  which  the 
engraving  given  may  convey  a  general  idea,  has  been 
finally  decided  to  have  formed  a  portion  of  tie  Pantheon  of 
Hadrian.  For  some  time  afler  this  opinion  had  been  started 
by  Mr.  Wilkins,  and  sanctioned  by  Sir  William  Gell,  great 
doubts,  despite  the  remarkable  verification  afforded  by  the 
language  of  Pausanias,  remained  as  to  ita  ti:uth;  but  the 
Earl  of  GuiKiford  has  at  length  p1a,c^  the  matter  beyond 
question.  Some  extensive  excavations  made  under  his  per- 
sonal direction  resultt^d  in  the  discovery  of  the  Phrygian 
•  stone  so  minutely  described  by  the  enthusiastic  travella^. 

The  pordco  forming  the  next  illustration  was  for  a  long 
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time  considered  the  only  remaining  portion  of  a  temple  dedicat- 
ed to  the  Emperor  Angnstus,  but  it  is  now  clearly  established 
as  having  been  one  of  the  entrances  to  a  market-place.  This 
idea,  suggested  to  the  mind  of  Stuart  by  certain  minnte  yet 
well  marked  Tariations  in  the  proportion  of  the  columns  from 
those  devoted  to  sacred  purposes,  has  been  sustained  by 
research,  and  finally  demonstrated  to  be  correct  by  the 
discovery  of  an  inscription  which  has  put  the  question  at 
rest  for  ever.  In  one  of  these  the  names  of  two  prefects 
of  the  market  are  preserved ;  and  another,  still  perfect,  is  an 
edict  of  Hadrian  respecting  the  duties  to  be  levied  on 
certain  articles  of  consumption,  and  regulating  the  sale  of 
oils,  dkc.  Nothing  can  be  more  picturesque  than  the  present 
condition  of  this  portico,  the  latest  specimen  of  the  pure 
Greek  Art.  Its  coloring  is  rich  and  varied,  while  its  state 
of  ruin  is  precisely  that  in  which  the  eye  of  the  painter 
delights,  sufficient  to  destroy  all  hardness  or  angularity,  yet 
not  so  great  as  to  rob  it  of  one  element  of  grandeur. 

The  building  called  the  Monument  of  Philopappus, 
despite  its  somewhat  fantastic  elaboration  of  detail,  is  very 
remarkable  and  interesting ;  it  was  created  either  during  the 
lifetime,  or  as  a  memorial  immediately  afler  his  death,  to  Gains 
Julius  Antlochus  Philopappus,  a  descendant  of  the  royalty 
of  Syria,  and  an  adopted  citizen  of  Athens.  It  consists  of  a 
basement  supporting  a  pilastrade  of  semicircular  form,  and 
presenting  upon  its  concave  surface  three  niches,  containing 
sitting  statues,  and  three  recesses  richly  ornamented  with  the 
representation  in  strong  relief  of  a  Roman  triumph.  Upon 
the  basement  also  were  various  sculptures  in  honor  of  the 
Emperor  Trajan.  These,  and,  indeed,  all  the  decorative 
sculpture,  Ac,  prc^usely  lavished  upon  this  building  have 
suffered  greatly.  The  two  remaining  statues  are  much 
dilapidated.  From  this  point  a  magnificent  view  of  the 
Acropolis  is  obtained,  and  few  are  the  sights  presented  to 
the  traveller,  which  surpass  in  historic  interest  or  actual 
beauty  that  meeting  his  eye,  to  whichever  point  of  the  com- 
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pus  he  may  tarn  when  standing  at  the  foot  of  this  remarloi- 
bly  pictniesqae  monnmeot. 

The  ages  which  produced  these  manrellous  works  in  archi- 
tecture had  other  and  different  glories.  Painting  and  sculp- 
tve  reached  the  highest  perfection;  and  poetrj  exhibited 
all  the  grace  and  vigor  of  the  Athenian  imagination.  And 
though  time  has  effaced  all  traces  of  the  pencil  of  Parrhastus, 
Zeuxis,  and  Apelles,  posterity  has  assigned  them  a  pkioe  in 
the  temple  of  fame  beside  Phidias  and  Praxiteles,  whose 
works  are,  eren  at  the  present  day,  unrivalled  for  classical 
purity  of  design  and  perfection  of  execution.  And  after  the 
city  had  passed  her  noon  in  art,  and  in  political  greatness, 
she  became  the  mother  of  that  philosophy  at  once  subtile 
and  sublime,  which,  even  at  the  present  hour,  exerts  a 
powerful  influence  over  the  human  mind.  This  era  in  her 
histoiy  has  been  alluded  to  by  Milton : 


"See  there  the  olive  grove  of  Academe, 
Plato's  retirement^  -where  the  Attic  bird 
Trills  her  thick- warbled  notes  the  sanuner  long ; 
lliere  flowery  hill  Hymettus  with  the  somid 
Of  bees'  industrious  murmur  oft  invitee 
To  studious  rousing;  there  Ilyssus  rolls 
His  whispering  stream ;  within  the  wall  then  view 
The  schools  of  ancient  sages ;  his  who  bred 
Great  Alexander  to  subdue  the  world, 
Lyceum  there  and  painted  Stoa  next 
To  sage  philosophy  next  lend  thine  ear, 
From  Heaven  descended  to  the  low  roofd  house 
Of  Socrates;  see  there  his  tenement^ 
Whom,  well  inspired,  the  oracle  pronounced 
Wisest  of  men ;  from  whose  mouth  issued  forth 
Mellifluous  streams  that  water'd  all  the  schools 
Of  Academics  old  and  new,  with  those 
Sumamed  Peripatetics,  and  the  sect 
Epicurean,  and  the  Stoic  severe." 

Such  is  an  outline  of  the  remains  of  the  chief  Athenian 
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edifices,  which  linJc  BDcient  times  with  the  present,  and 
which,  as  long  as  thore  is  taste  to  af  pnciate  or  genius  to 
imitate,  most  lO-rest  the  attention  asd  oommand  the  adraira* 
tion  of  all  the  geneiations  of  mankind. 
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Abacus. — ^The  plate  or  shallow  block  forming  the  appermost 
member  of  a  capital  is  so  called  for  the  sake  of 
distinctioD,  for  when  a  similar  one  is  placed 
beneath  the  base  of  a  column,  it  is  called  a 
plinth.  It  is  sometimes  square,  and  sometimes  < 
curved,  forming  on  the  plan  segments  of  a  cir- 
cle, an  ornament  being  introduced.  Abscos. 

The  Doric  abacus  is  spoken  of  in  this  book,  and  is  here  shown 
in  a  plan  of  the  <»pital  and  architrave ;  a  a  aa  being  the  angles 


of  the  soffit  or  underside  of  the  abacus  which  overhang  the  echicns 
ee  e  e;  and  s  s  the  soffit  of  the  architrave.  From  this,  the  reU- 
tion  between  the  abacus  and  architrave,  and  how  much  the  former 
exceeds  or  projects  out  beyond  the  latter,  will  be  better  understood 
than  by  the  engraving  Fig.  1  p.  16,  where  the  capital  is  shown 
only  in  elevation. 

The  next  figure  ^s  still  more  indispensable  for  understanding 
the  conformation  of  the  Ionic  capital.    Here  the  abacus  shows 
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itself  odIj  in  front  at//,  over  the  two  volnted  fiuses,  the  rest  being 
concealed  bj  the  baloster  sides  6  6  of  the  capital,  which  extend 
beyond  the  abacas,  and  convert  the  general  plan  into  more  than  a 
square.  Although  the  channels  and  other  details  of  the  baluster 
sides  are  omitted,  and  only  their  general  shape  shown,  the  engray- 
ing  explains  how  those  sides  are  reduced  by  being  hollowed  out  or 
curved  concavely  on  the  plan. 
In  the  Corinthian  Order,  a  similar  curvature  is  given  to  the 


abacns  itsdf  on  all  its  four  sides  ;  the  capital  of  this  Order  having 
that  in  common  with  the  Doric,  that  it  is  quite  regular.  One 
great  point  of  difference  between  the  Doric  and  Corinthian  abacus 
is,  that  in  the  former  the  angles  are  unsupported,  and  overhang 
the  circular  body  of  the  capital,  while  in  the  Corinthian  Order 
they  extend  outwards  diagonally,  as  a  a  a  a  in  the  figure,  and  sup- 
ported by  the  catUicoli  or  small  volutes,  which  they  in  turn  serve 
to  cover.  The  letters  ffff  indicate  the  rosettes  or  flowers  on 
the  four  faces  of  the  abacus. 

AxFHiPRosTTLE. — A  building  having  a  portico  at  both  ends. 

AxPHrrHBATRB. — A  theatre  of  an  elliptical  form,  or  in  other 
words,  a  double  theatre,  produced  by  building  two,  end  to  end. 

AxcoNEs  OR  Trusses. — Ornaments  in  the  cornice  of  an 
Ionic  doorway,  resembling  modillions  placed  vertically. 

AifULBT. — ^The  mouldings  at  the  lower  part  of  the  echinus 
in  Doric  capitals.  A  small  square  moulding  used  to  sepi^ 
rate  other  mouldings. 
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Antjc.— Square  pillan  or  pilasten,  attadbed  to  a  wall.  They 
have  capitals  different  from  thoee  of  the  colomns  with  which  they 
are  associated. 

Apophtgk. — The  small  faciae  by  which  the  shaft  is  attached  to 
the  fillet  of  the  base. 

Afteral. — A  temple  without  columns  at  the  ends. 

Abxosttlb. — An  arrangement  of  columns,  when  four  diameters 
are  allowed  between  them. 

Abchitbate. — The  lowest  member  of  the  entablature;  also, 
monldings  round  doors  and  windows. 

Abchiyolt. — ^The  interior  face  of  an  arch,  between  the  imposts. 

Arris. — The  meeting  of  two  surfaces  producing  an  angle. 

Area. — An  open  space  within  a  building. 

Astragal. — A  semi-circular  moulding.  <■  .J 
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Attic. — ^A  small  height  of  paneUing  above  the  cor- 
■loe ;  also,  the  upper  story  of  a  house  when  the  walls 
are  perpendicular. 

Aisles. — ^The  spaces  on  each  side  of  a  nave. 

Almebt. — A  niche  or  closet  introduced  in 
the  walls  of  churches  or  cathedrals,  intended 
for  the  keeping  of  valuable  articles  belong- 
ing to  the  religious  service. 

Alxonrt. — ^The  building  in  which  alms  are 
distributed. 

AxBO. — A  pulpit  or  raised  platform. 

Arch-Buttress,  or  Flting-Buttress. 
— An  arch  introduced  for  the  purpose  of 
supporting  or  appearing  to  support  a 
spire,  or  one  springing  over  the  roof  of 
an  aisle,  and  a  butting  against  the  wall  of 
the  clerestory. 

AsPKRSORiuM. — ^The  holy  water  basin. 

AunrroRiux. — ^The  nave  or  body  of 
the  church,  where  the  people  meet  for 

worship.  Arch-ButtrtiB,  or  Flylng-Bnttr^M. 

AjJTBPnc-a.— Called  by  some,  Greek  7Y/m,— upright  ornamental 
blocks  placed  at  intervals  on  the  cornice  along  the  roof,  to  conceal 
or  rather  terminate  the  ridges  formed  by  the  overlapping  of  the 
root 
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.ArruBfic.^— Artistie. 

AsTTLAB. — A  tenn  tbat  expresses  fbe  abeenoe  of  colmniui  or 
pilasters,  wbere  thej  might  else  be  snppoeed  to  occur. 

Axis. — An  imaginary  lixte  through  the  centre  of  a  cdomn,  Ac 

BArnnmTs — The  place  in  which  the  rite  of  baptism  is  per- 
formed. 

Babtizak. — A  turret  oyer  the  roof,  and  within  the  p«rapei  of 
any  building. 

Battlemxiit.— An  indented  and  tooietimes  f=\    F\.    Fv 
perforated  pumpet.  in|i  il  iJ-gl 'j^^- 

Bat.— The  space  between  the  ribe  of  a     f  >>l"^  f     \  *^ 
groined  roof ;  also,  the  part  of  a  window  be>         jtettieme&t. 
tweea  the  mullions. 

Bat- Window. — **  A  projecting  window,  rising  from  the  groond, 
or  basement,  in  a  semi-octagon,  semi-hexagon,  or  polygonal  form." 

BsirsTiEB. — ^A  yeesel  for  holy  water,  nsoally  placed  at  the 
^trance  of  a  chorch. 

BiLLKT-Moin.DiNO. — Oylindrical  blocks  plac- 


ed at  short  but  eqoal  distances   from  each  ■^^■^■^^■■j;;*^* 
other,  in  a  hollow  moulding.  Biilai-woJidia?     ' 

Boss. — A  carved  ornament  at  the  intersection  of  the  ribs  in  a 
groined  roof. 

Brasses. — Brass  plates  let  into  the  pavement  of  ecclesiastical 
buildings  over  or  near  tombs.  All  of  these  have  an  engraving  of 
some  sort,  and  many  of  them  are  admirably  designed,  and  elabo- 
rately engraven. 

Buttress. — A  projection  from  a  wall  built  between  the 
windows  and  at  the  angles  of  a  building,  having  the  don-  j— k 
ble  purpose,  in  Gothic  structure,  of  strength  and  ornament.   ■■  \ 
Tbey  are  of  various  forms,  according  to  the  style  of  archi- 
tecture. 

Bcd-mouldinos. — The  mouldings  beneath  the  corona 
or  principal  projecting  member  of  a  cornice.  --"  \ 

Branches. — The  ribs  of  a  groined  roof.  '"^ 

Bracket. — A  projection  from  the  face  of  a  well  to  car- 
ry sculpture,  or  support  some  weight. 

Blogkzno  Course. — ^A  solid  course  of  masonry,  above 
a  cornice. 


0L08SABT.  288 

Ba8S. — ^Ilie  part  of  a  coltunn  on  which  the  abaft  reets.  The 
term  is  also  osed  to  signify  the  lower  part  of  a  wall. 

Bandblbt. — ^A  very  narrow  mouldingi  of  the  same  form  as  the 
band. 

Band. — ^A  moalding  with  a  square  profile. 

Balustrade. — A  range  of  small  pillars  or  balosters  npon  a 
plinth,  and  snrmoanted  by  a  cornice  or  coping. 
•    Balusteb. — A  small  pillar,  the  form  of  which  may  be  yaried  at 
pleasnre,  nsed  in  balustrades. 

Balgony. — A  projection  from  the  face  of  a  wall,  supported  by 
columns  or  cfHisoles,  and  usually  surrounded  by  a  balustrade. 

Cable. — A  moulding  representing  a  cable. 

Caissons. — Sunk  panels  in  ceilings  or  in  soffits. 

Campana. — ^The  part  of  a  Corinthian  capital  on  which  the 
leaves  are  placed. 

Cantileyebs. — ^Trusses  under  the  modillions  of  a  frieze. 

Capital. — ^The  part  of  a  column  on  which  a  column  rests  on 
the  shaft. 

Cartouches. — ^Modillions  or  blocks  sup- 
porting the  eaves  of  a  house. 

Casement. — ^The  frame  of  a  window  or 
light :  also  a  moulding  the  same  as  the 
scotia. 

Cavbtto. — ^A    hollow    moulding,    one  Cwtoncbeii. 

quarter  of  a  circle.  y^  h 

Channbl. — A  canal  or  groove  sunk  in  the  face  of       c»,ewo. 
any  work. 

Colonnade. — A  row  of  columns  supporting  an  entablature. 

Column. — ^A  round  pillar,  having  a  shaft  and  capital,  and  gen- 
erally a  base. 

CoPiNO. — A  sloping  stone  on  the  top  of  a  wall,  to  throw  off  the 
rain-water. 

CoRBBL. — ^A  projection  from  the  surface  of  a  wall,  to  carry  a 
weight,  and  generally  ornamented. 

Cornice. — The  upper  division  of  an  entablature,  composed  of 
several  members,  and  varying  according  to  the  order. 

Corona. — A  large  square  member  of  a  cornice,  between  the 
cymatium  and  bed-mouldings.  It  is  intended  to  protect  the  parts 
beneath  it,  and  has  a  considerable  projection.  It  is  sometimes 
called  the  larmier,  but  more  frequently  the  drip. 


Gable.moulding. 


Canopy. 
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Ctv  A  Bbgta. — ^A  compoimd  monldiog,  hoUow  in  ^  •[ 

the  upper,  rotiDd  in  the  lower  part.  cyaaitect*- 

Otma  Retersa. — ^A  mojilding,  the  reverse  of  the  cjma  recta. 

Ctmatium. — ^The  upper  moulding  of  an  entablature. 

Cablk-mouldino. — A  moulding  used  in  Nor- 
man architecture,  and  deriying  its  name  from  its 
form. 

Canopy. — An  ornamental  projection  oyer 
doors,  windows,  and  niches,  chiefly  introduced 
in  the  Decorated  and  Perpendicular  English. 

Carol. — ^A  small  closet  in  a  cloister. 

Catherinr-whekl  Window. — A  circular 
window,  usually  with  a  rich  radiating  tracery. 

Chapbi.8. — Small  buildings  attached  to  cathe- 
drals and  large  churches. 

Chantrt. — A  small  chapel  at  the  side  of  a  church. 

Chevron,  or  Zio-Zao. — A  characteristic  moulding  in  Norman 
buildings. 

Choir. — ^The  space  eastward  of  the  cross  in  churches  having 
that  form,  and  between  the  nave  and  high  altar. 

CiNQtTEFOiL. — ^An  ornament  representing  the  leaves  of 
a  flower  or  leaf,  used  in  Gothic  architecture. 

Clere>stort. — ^The  upper  story  or  row  of  windows  in  ^^]|^ 
a  Gothic  church. 

Cloisters. — Covered  passage  ways  to  different  parts  of  an 
ecclesiastical  building. 

Crocket. — ^An  ornament  resembling  a 
bunch  of  flowers  or  foliage,  chiefly  used  at 
the  angles  of  pinnacles  and  canopies. 

Crypt. — A  vaulted  chamber  under  a 
church,  generally  under  the  eastern  end; 
and  used  either  as  a  place  of  sepulture,  an 
oratory,  or  baptistry. 

Cusps. — ^The  ornaments  at  the  points  of  the  tracery  in  Gothic 
windows ;  or  according  to  some,  the  arcs  which  the  ornaments 
terminate. 

Caryatides. — Pillars  where  human  figures,  instead  of  columns, 
are  used  to  support  an  entablature. 

Dado,  or  Die. — ^Thc  plain  part  of  a  pedestaL 


Orocket. 


GLOSSABT.  28S 

Dentils. — Square  projecting  blocks  in  the  bedr  T  II  II  II  ifT 

moulds  of  the  entablatures.    They  are  so  called        Dentus. 

from  a  fancied  resemblance  to  a  row  of  teeth. 
DoDBCASTYLE. — A  building  with  twelve  columns  in  front. 
Donjon,  oe  Keep. — A  massive  tower  in  ancient  castles,  usually 

in  the  centre.  • 

DovBTAn^-MOiTLDiNO. — A  characteristic  Nor-  ^T^^ 

„  moulding.  'TZ^^SCZiO^ 

DuNOBON. — ^Tbe  vault  for  prisoners,  usually    DoT^taU-moaJbdinsT 

the  basement  of  the  Donjon. 

EoBiNus. — ^An  egg-shaped  ornament  in  the  Ionic  J 

d^ital.  Behinofl. 

Entabultubb. — The  uppermost  division  of  a  cohunn,  supported 
by  the  shaft. 

EusTTLE. — Two  and  a  quarter  diameters  between  the  columns. 

Embbasckb  ob  Cbbnbllb. — ^A  splayed  opening  in  a  wall ;  an 
opening  in  a  battlement. 

Elevation. — An  upright  plan  of  a  building  or  any  part  of  a 
building,  showing  its  exact  form  and  dimensions  as  they  actually 
exist. 

Entasm. — ^A  slightly  convex  curvature  given  in  execution  to 
4he  outline  of  the  shaft  of  a  column,  just  sufficient  to  counteract 
and  correct  the  appearance,  or  £ancied  appearance,  of  curvature  in 
a  contrary  direction,  (i.  e.  concavely,)  which  might  else  take 
place,  and  cause  the  middle  of  the  shaft  to  appear  thinner  than  it 
really  is. 

Efistylum. — ^The  architrave  or  horizontal  course  resting  imine> 
diately  upon  the  columns.  Hence  we  should  denote  as  Epistylar 
Arcuation  that  system  in  which  columns  support  arches  instead  of 
horizontal  architraves  and  entablatures. 

Epitithbdas. — The  cymatium  on  the  sloping  or  raking  cornices 
of  a  pediment,  which  superimposed  moulding  (as  its  name  implies) 
was  frequently  largely  developed,  and  enriched  with  an  ornamental 
pattern. 

FBATHBBiNa  OB  FoLiATioN. — Smalls  arcs  or  foils  in  the  tracery 
of  Gothic  windows.  According  to  the  numbers  uniting,  they  an 
called  trefoils,  quatrefoils,  cinquefoils,  or  multifoils. 

FnriAL. — ^The  ornament  which  crowns  a  pinnacle  on  canopy. 

Font. — ^A  vase  used  for  baptism. 
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TAgjj>n^^Tbe  eleralioii  or  yiew  of  the  principal  front  of  aaj 

bailding. 

Fascia,  or  Facia. — A  broad  flat  member,  in  an  architraTO, 
cornice,  or  pedestal. 

Fillet.— A  small  square  member,  dividing  mooldingi. 

Fvrrnros. — Perpendicalar  channels  in  the  shaft  of  a  column. 

Friezb. — ^The  middle  division  of  an  entablature. 

Fexbstbation. —  In     contra- 
distinction   from    columniation, 
the  system  of  construction  and 
mode  of  design  marked  by  win- 
dows. 


Gftbl*. 


Gabls. — ^The  triangular  ma- 
sonry or  woodwork  at  the  end 
of  a  roof.  Some  of  the  old  ga- 
ble eods  are  curiously  carved. 

Glyphs.— Vertical  channels  in  the  Doric  frieze. 

G(7TTJE. — Ornaments  resembling  drops,  under  the  ^)yjyf\j\j\)( 
mntules  of  the  Doric  entablature.  ^^Sb 

Gablet. — A  small  gable  in  screens,  &c. 

Gargotlb. — ^The    projecting  water-spout, 
generally  ornamented  with  the  head  of  a  man,  ^ 
a  monster,  or  some  appropriate  emblem. 

Groin. — ^The  lines  formed  by  the  intersec- 
tion of  two  or  more  vaults.  OftrgQjrie. 

Hbptasttle. — A  building  with  seven  colums  in  front. 

Hezasttle. — A  building  with  six  columns  in  front. 

Hatched-mouldino. — A  moulding   used  in  ^  ^ ^^.'^'.^^^f^jTw 
Norman  Architecture,  with  ornaments  of  a  tri- 
angular form,  and  having  the  appearance  of  be- 
ing cut  with  a  hatchet 

Hovel. — A  nichet  or  canopy  for  a  statue. 

Htpotracheliux.— The  necking  of  a  capital  introduced  be> 
tween  the  capital  itself  and  the  shaft  of  the  column. 


Uatehed-moolduig. 


IirposT. — ^The  abacus  which  crowns  a  pilaster  or  pier,  and  from 
which  an  arch  springs  ;  also,  the  capital  of  a  pilaster  which  soa- 
tains  an  arch. 
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iNTmooLCMiOATioK.— The  distanoe  between  one  oolmnn  and 
another. 

Jfbb. — A.  gallery  or  rood-loft  over  the  choir,  to  the  front  of 
which  was  generally  attached  a  pulpit. 

Keep. — ^The  most  eleyated  and  innermost  tower  of  a  castla 
Ej70B. — ^The  boas  at  the  crowning  of  a  groin. 

Label,  or  Hood-mouldiko. — ^The  outer  moulding  over  doors 
or  windows.  * 

Lavatory. — A  stone  basin  attached  to  the  altar,  used  by  the 
priest  during  mass  to  dip  or  wash  his  hands. 

Lbttern,  or  Lecterv. — A  reading-desk,  commonly  of  brass. 

LoaBN<»-MonLDiKo. — A  moulding  used    in 
Norman  architecture. 


Losenge-muvldlng. 

Metope. — The  interval  between  the  triglyphs  in  a  Doric  frieze^ 
often  ornamented  with  sculptures. 


i 


MoDiLUON. — An  ornament  in  the  Corinthian 
and  Composite  orders,  resembling  a  bracket. 

MuTULEs. — Small  block  ornaments  under  the 
corona  in  the  Doric  order.  '        Metope. 

MuLLi0K8.-^The  upright  shafts  dividing  a  window  into  separate 
light 

Misereres. — Shelving  seats  in  the  stalls  of  churches  and  cathe- 
drals. 

Mbeloh. — ^The  solid  part  of  an  embattled  parapet 

Machicolations. — The  perpendicular  openings  left  between  the 
corbels  of  a  battlement  over  gateways  and  doors,  intended  to  aiTord 
facilities  for  annoying  assailants. 

Modldinos. — The  principal  mouldings  and  the  differeoec  of 
their  profiles  in  the  Grecian  and  Boxnan  styles  are  here  exhibited. 
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MoKOTRioLTPHic. — ^That  mode  of  intercolomniatioD  in  the 
Doric  Order,  according  to  which  there  is  only  a  single  triglyph 
over  each  intercolumn. 

MoDULB. — ^The  semi-diameter  of  the  column,  or  30  minnteB. 

MiNUTS. — ^The  sixtieth  part  of  the  diameter  of  the  colomn,  as 
a  proportional  measare.  Minutes  are  written  thus,  8',  that  is, 
eight  minutes. 

Natv. — ^The  central  division  of  a  church  between  the  aisles. 


Otolo. — A  convex  moulding,  a  quarter  of  a  circle, 
and  sometimes  called  a  quarter  round. 


Onh. 
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OmAtosT. — A  priTate  cbapel  Ibr  prayer. 
Obixl. — ^A    window  projecting  fh)m   a 
wan. 

PlRAFET. — A  wall  about  breast  high,  at 
the  top  of  a  hocuse,  or  on  a  bridge,  intended 
as  a  defence.  It  is  sometimes  ornamented, 
sometimes  plain. 

Fatbka. — An  ornament  in  a  firiese,  re- 
sembling a  goblet.  Orid. 

PiDBSTAL.— A  square  piece  of  masonry  sopporting  the  base  of 
the  colomn,  and  consisting  of  a  base,  die  and  cornice. 

PsDnonrr. — ^The  triaagnhur  fbrm  above  the  columns  in  the 
front  and  back  of  a  building ;  also  the  same  oyer  windows  and 
doors. 

PxHTASTTLS. — ^A  portico  of  fiTO  oolumus. 

Pbbipteral. — A  temple  haying  columns  all  round. 

Pun. — ^A  solid  pilaster  or  column  from  which  an  arch  springs, 
or  carrying  a  weight ;  also,  the  solid  mass  between  the  doors  or 
windows  of  a  building,  or  between  the  arches  of  a  bridge. 

Pn^ASTBB. — This  term  is  not  synonymous  with  the  word  col- 
imin.  In  the  latter,  a  regular  and  almost  undeyiating  proportion 
Is  maintained  between  the  seyeral  parts,  but  in  the  former,  the 
same  arrangement  of  parts  is  not  adopted. 

Platbahd.— A  square  member,  with  a  {nrojection  less  than 
either  the  height  or  breadth. 

Plinth. — A  solid  mass  under  the  base  of  a  column. 

PoDiux. — A  running  pedestal,  supporting  a  series  of  odunna 
round  a  building. 

Posnco. — ^A  horisontal  prcjection  in  the  front  of  a  building, 
supported  by  columns. 

Pa. — ^The  shrine  to  contam  the  host  or  consecrated  wafers. 

PoBCB. — ^A  small  covered  entrance  into  a  building. 

Pakbl. — ^A  small  compartment  enclosed  with  mouldings,  and 
generally  decorated  with  an  ornament,  or  sculpture. 

Pbbdbnt. — An  ornament  hanging  from  a  root 

PxBCHEs.— Brackets  in  churches,  tor  images  or  candlestiohi. 
25 
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PixvACLS.— A  somQ  spire,  or  pointed  tenniiiation  to 
towers,  tomts,  and  buttresses,  generally  witli  Ibur  sides, 
and  more  or  less  ornamented. 

Plan. — A  plan  may  be  familiarly  described  as  an  arch- 
itectural mapt  or  map  of  a  building.  To  define  it  more 
exactly, — a  plan  is  a  horizontal  section  supposed  to  be  tar 
ken  on  the  level  of  the  floor  through  the  solid  parts  of  the 
fabric,  walls,  columns,  &c.,  so  as  to  show  their  various 
thicknesses  and  situations. 

PoLTSTTLB. — Having  a  number  of  columns.  Where 
columns  occur  behind  columns,  as  where  a  portico  has 
inner  columns,  suck  portico  may  be  termed  a  polystyle.      FinueX*. 

Pbofdje. — ^Tbe  outline  of  a  series  of  mouldings,  or  of  any  other 
parts,  as  shown  by  a  section  through  them. 

PuLvuTATBD.— A  friese  whose  face  is  convex  instead  of  plain  is 
said  to  be  fndvinated,  fh>m  its  supposed  resemblance  to  Uiat  side 
of  a  cushion  which  swells  ont  when  pressed. 

QuATREFoiL. — ^Au  omamcnt  representing  four  leaves 
of  a  flower,  formed  within  a  circle. 

Rustic. — Stone  or  compo  work,  channelled  verti- 
cally and  horizontally.  Qniitwtoa. 

Booi>. — ^A  cross'  with  a  figure  of  our  Saviour  on  it. 

Boon  LoPT.— A  gallery  generally  over  the  screen,  or  at  the 
entrance  of  the  choir,  in  which  a  rood  was  in  iormer  times  placed. 

Bakinq  Cornicxs. — A  term  applied  to  the  inclined  cornices  od 
the  sloping  side  of  a  pediment. 

Scotia. — A  hollow  moulding,  chiefly  used  in  the  base  of  the 
Ionic  column. 

Scroll. — A  spiral ;  the  volute  of  the  Ionic  capital. 

Shaft.— That  part  of  a  column  between  the  capital  and  base. 

Spirb. — ^The  pyramidical  structure  crowning  a  tower  or  turret 

Spavdbil. — ^The  triangular  space  be- 
tween an  arch  and  the  right  angle  above 
it 

Stalls. — ^Elevated  seats  on  the  sides  of 
a  choir  in  cathedrals,  with  canopies  over 
them,  appropriated  for  ecclesiastics. 

Stakchvon. — The  upright  bar  or  mul- 
lion  which  divides  a  window  into  bays. 
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8ninJL-~A  icmw  Mog  aboy«  tiieTOof  of  a  chordL 

SBcnoK. — ^A  Tertical  plan  of  the  interior  of  a  biiiIdiiig,8lMnriqg 
it  as  it  would  appear  upon  an  upright  plane  cutting  through  it. 

Soffit. — ^From  the  Italian  sqffitto,  a  ceiling ;  the  under  Burfaoe 
of  any  projecting  moulding  or  member. 

Sttlobatb. — That  part  of  a  structure  on  which  an  order  is 
raised,  and  on  which  the  columns  immediately  stand.  The  t^rn 
is,  however,  restricted  to  what  partakes  of  the  character  of  a 
pedestal,  and  not  to  a  mere  pHnth  or  sode  on  the  one  hand,  or  tc 
a  lower  fenestrated  floor  on  the  other. 

TBTaASTTLB.^-A  bulldlag  with  four  colnmns  in  front. 
Torus. — ^A  semi-circular  moulding.  C 


Tmolith.— The  Tertical  channels  in  the  Doric       '''*'"• 


Tthpaxux.— The  triangular  surface  enclosed  by  the 
pediment.  In  the  ancient  temples  it  was  freqoattlj 
decorated  with  sculptures. 

Tabbbnaclr. — A  stall  or  niche  detached  fom  the    ^igijfh.' 
wall,  with  a  canopy  over  it. 

Tablxt. — A.  projecting  moulding,  more  particularly  that  under 
a  window. 

Tkansbpt. — ^That  part  of  a  church  or  cathedral  which  runs 
north  and  south,  forming  the  arms  of  a  cross. 

Traceby. — ^The  frame-work  and  ornament  in  the  head  of  a 
window  or  screen. 

Tbansox. — ^The  horizontal  bar  dividing  a  window  into  lights. 

Trefoil. — ^An  ornament  representing  three  leaves  of 


TuDOB  Flower. — An  ornament  employed  for  open 
parapets.  Tr«toU. 

nNi>BBOBOPT.~The  crypt  or  vault  of  a  church. 

YoLTTTE. — ^The  spirals  on  an  Ionic  capitaL 
YsanBULE. — ^The  krge  hall  or  passage. 

Weepers.— The  statues  of  Grief,  at  the  base  of  a  tomb  or  moi 
unent. 

ZkonZAo^— 43ee  Chevron. 
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SECTION    I. 
GENERAL  PRINCIPLES  OF  CONSTRUCTION* 

FOUNDAnONS. 

L  In  preparing  the  foiiBdation  for  anj  baUdiog,  there  are 
liro  sources  of  failure  which  most  be  carefolly  guarded 
against :  Tiz.,  inequality  of  settlement,  and  lateral  escape  of 
ihe  supporting  material ;  and,  if  these  radical  defeota  canb« 
guarded  against,  there  is  scaroelj  any  situation  in.  which  a 
good  foundation  may  not  be  obtained. 

2.  Natural  Foundations. — ^TBe  best  fonndation  is  a  tuUvral 
one,  such  as  a  stratum  of  rock,  or  compact  gravel.  If  cfr* 
cumstanees  prevent  the  work  being  commenced  from  the 
same  level  throughout,  the  ground  must  be  carefully  benched 
out,  i.  e.f  cut  into  horizontal  steps,  so  that  the  courses  may 
all  be  perfectly  level.  It  must  also  be  borne  in  mind  that  all 
work  will  settle,  more  or  less,  according  to  the  perfection  of 
the  joints,  and  therefore  in  these  cases  it  is  best  to  bring  up 
the  foundations  to  a  uniform  level,  with  large  blocks  of  stone* 
or  with  concrete,  before  commencing  the  superstructure, 
which  would  otherwise  settle  most  over  the  deepest  parts,, 
on  account  of  the  greater  number  of  mortar  Joints,  and  thus 
cause  unsightly  fractures,  as  shown  in  fig.  1. 
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5.  Manj  BoOs  form  excellent  fomidatioiis  wlien  kejp/t  from 
the  weather,  which  are  worthless  when  this  cannot  be  effected. 
Thus  bine  shale,  which  is  often  so  hard  when  the  ground  is 
first  opened  as  to  require  blasting  with  gunpowder,  will,  after 
a  few  days'  exposure,  slake  and  run  into  sludge.  In  dealing 
with  soils  of  this  kind  nothing  is  required  but  to  keep  them 
from  the  action  of  the  atmosphere.  This  is  best  done  bj 
coYcring  them  with  a  layer  of  concrete,  which  is  an  artificial 
rock,  made  of  sand  and  gravel,  cemented  with  a  small 
quantity  of  lime.  For  want  of  this  precaution  many  buHd- 
iDgs  hare  been  fractured  from  top  to  bottom  by  the  expan* 
don  and  contraction  of  their  clay  foundations  during  the 
alternations  of  drought  and  moisture,  to  which  they  have 

,  been  exposed  in  successiye  seasons. 

4.  ArHfidal  Fvundations.-^Where  the  ground  in  its  natural 
state  is  too  soft  to  bear  the  weight  of  the  proposed  structure, 
recourse  must  be  had  to  artificial  means  of  support,  and,  in 
doing  this,  whatever  mode  of  construction  be  adopted,  the 
principle  must  always  be  that  of  extending  the  bearing  sur- 
face as  much  as  possible  ;  just  in  the  same  way,  that,  by 
placing  a  plank  o?er  a  dangerous  piece  of  ice,  a  couple  of 
men  can  pass  oyer  a  spot  which  would  not  bear  the  weight 
of  a  child.  There  are  many  ways  of  doing  this — as  by  a 
thick  layer  of  concrete,  or  by  layers  of  planking,  or  by  a 
net-work  of  timber,  or  these  different  methods  may  be  com- 
bined. The  weight  may  also  be  distributed  over  the  entire 
area  of  the  foundation  by  inverted  arches. 

6.  The  use  of  timber  is  objectionable  where  it  cannot  be 
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kept  constantly  wet,  as  alternations  of  dryness  and  moisture 
soon  cause  it  to  rot,  and  for  this  reason  concrete  is  very 
extensively  used  in  situations  where  timber  would  be  liable 
to  decay. 

6.  In  the  case  of  a  foundation  partly  natural  and  partly 
artificial,  the  utmost  care  and  circumspection  are  required  to 
avoid  unsightly  fractures  in  the  superstructure  ;  and  it  cannot 
be  too  strongly  impressed  on  the  mind  of  the  reader,  that  it 
is  not  an  unyieldiiig,  but  a  wdfomdy  jfidding  foundation  that 
is  required,  and  that  it  is  not  the  amount,  so  much  as  the 
ineqiialifyy  of  settlement  that  does  the  mischief. 

The  second  great  principle  which  we  laid  down  at  the 
commencement  of  this  section  was — To  prevent  the  lateral 
escape  of  the  supporting  material.  This  is  especially 
necessary  when  building  in  running  sand,  or  soft,  buttery  clay, 
which  would  ooze  out  from  below  the  work,  and  allow  the 
superstructure  to  sink.  In  soils  of  this  kind,  in  addition  to 
protecting  the  surface  with  planking,  concrete,  or  timber,  the 
whole  area  of  the  foundation  must  be  inclosed  with  piles 
driven  close  together  ; — this  is  called  sheet-piling. 

7.  Where  there  is  a  hard  stratum  below  the  soft  ground, 
but  at  too  great  a  depth  to  allow  of  the  solid  work  being 
brought  up  from  it  without  greater  expense  than  the  cii>- 
cumstances  of  the  case  will  allow,  it  is  usual  to  drive  down 
wooden  piles,  shod  with  iron,  until  their  bottoms  are  firmly 
fixed  in  the  hard  ground.  The  upper  ends  of  the  piles  are 
then  cut  off  level,  and  covered  with  a  platform  of  timber  on 
which  the  work  is  built  in  the  usual  way. 

8.  Where  a  firm  foundation  is  required  to  be  formed  in  a 
situation  where  no  firm  bottom  can  be  found  within  an  avail- 
able depth,  piles  are  driven,  to  consolidate  the  mass,  a  few 
feet  apart  over  the  whole  area  of  the  foundation,  which  is 
surrounded  by  a  row  of  sheetrpiling  to  prevent  the  escape  of 
the  soil ;  the  space  between  the  pile  heads  is  then  filled  to 
the  depth  of  several  feet  with  stones  or  concrete,  and  the 
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whole  is  oorend  with  a  timber  platform,  on  which  to  com- 
mence the  solid  work. 

9.  I\nimdaiums  m  Waier. — Hitherto  we  haTe  been  de- 
scribing ordinary  fonndations  ;  we  now  come  to  those  cases 
in  which  water  interferes  with  the  operations  of  the  bnildery 
cftentnnes  causing  no  little  trouble,  anxiety,  and  expense. 

Foundations  in  water  may  be  divided  under  three  heads : 

1st.  Foundations  formed  wholly  with  piles : 

Sd.  Solid  foundations  laid  on^  the  surfioce  of  the  ground, 
either  in  its  natursl  state,  or  roughly  leveled  by  dredging : 

8d.  Solid  foundations  laid  hdow  the  surface,  the  ground 
bemg  laid  dry  by  cofferdams. 

10.  Foumdaivms  frrmtd  whMy  of  Pi^.— The  simplest 
foundations  of  this  kind  are  those  formed  by  rows  of  wooden 
piles  braced  together  so  as  to  form  a  skeleton  pier  for  the 
support  of  horizontal  beams  ;  and  this  plan  is  often  adopted 
in  building  jetties,  piers  of  wooden  bridges,  and  similar  erec- 
tions where  the  expense  precludes  the  adoption  of  a  more 
permanent  mode  of  construction  ;  an  example  of  this  kind  is 
shown  in  fig.  8. 

In  deep  water,  the  bracing  of  the  piles  becomes  a  difficult 
matter,  and  an  ingenious  expedient  for  effecting  this  was 
made  use  of  by  Mr.  Walker,  in  the  erection  of  the  Ouse 
Bridge,  on  the  Leeds  and  Selby  Railway,  a.d.  1840.  This 
consisted  in  rounding  the  piles  to  which  the  braces  are 
attached  for  a  portion  of  their  length,  to  allow  the  cast-iron 
sockets  in  which  they  rest  to  descend  and  take  a  solid  bear- 
ing upon  the  square  shoulders  of  the  brace-piles.  After  the 
brace-piles  were  driven,  the  braces  were  bolted  into  their 
sockets  and  dropped  down  to  their  required  position,  and 
their  upper  ends  were  then  brought  to  their  placet  and 
bolted  to  the  superstructure. 


jurr  oir  building^ 
Fig.  2. 
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11.  There  is  always,  however,  a  great  objection  to  the 
086  of  piles  partly  above  and  partly  under  water,  namely, 
that,  from  the  alternations  of  dryness  and  moistnre,  they 
soon  decay  at  the  water-Une,  and  erections  of  timber  require 
extensive  repairs  from  this  cause.  In  tidal  waters,  too,  they 
are  often  rapidly  destroyed  by  the  worm,  unless  great  ex- 
pense is  undergone  in  sheathing  them  with  copper. 

To  obviate  the  inconveniences  attending  the  use  of  timber, 
cast-iron  is  sometimes  used  as  a  material  for  piles  ;  but  this 
again  is  objectionable  in  salt  water,  as  the  action  of  the  sea- 
water  upon  the  iron  converts  it  into  a  soft  substance  which 
can  be  cut  with  a  knife,  resembling  the  Cumberland  lead 
used  for  pencils. 

12.  In  England,  in  situations  where  a  firm  hold  cannot 
be  obtained  for  a  pile  of  the  ordinary  shape,  such  as  shifting 
sand,  Mitchell's  patent  screw-piles  are  used  with  gpreat  ad- 
Tantage.    These  piles  terminate  at  the  bottom  in  a  large 

25 


902  BCDDnSNTS   OF  THX 

iron  screw  4  ft.  in  diameter,  vhicb,  being  screwed  into  tbe 
ground,  gives  a  firm  foot-hold  to  the  pile.  This  is  a  yeiy 
simple  and  efficient  mode  of  obtaining  a  foundation  where  all 
other  means  wonid  fail,  and  has  been  used  in  erecting  Hght" 
houscs  on  eand-banks  with  great  success.  The  Maplin  sand 
light-house  at  the  mouth  of  the  Thames,  and  the  Fleetwood 
light-house,  at  Fleetwood,  in  Lancashire,  both  erected  a.  d. 
1840,  may  be  instanced.  | 

13.  All  ingenious  system  of  cast-iron  piling  was  adopted  i 
by  Mr.  Ticruey  Clark  in  the  erection  of  the  Town  Pier  at 
Gravesend,  Kent,  a.  d.  1834,  in  forming  a  foundation  for 

the  cast-iron  columns,  supporting  the  superstructure  of  the 

T  head  of  the  pier.     Under  the  site  of  each  column  were 

driven  three  cast-iron  piles,  on  which  an  adjusting  plate  was  | 

firmly  keyed,  forming  a  broad  base  for  the  support  of  the 

column,  which  was  adjusted  to  its  correct  position,  and  bolted  ^ 

down  to  the  adjusting  plate. 

14.  A  kind  of  foundation  on  the  same  principle  as  piling 
has  been  lately  much  used  in  situations  where  ordinary  piling 

cannot  be  resorted  to  with  advantage.    The  method  referred  , 

to  consists  in  sinking  hollow  cast-iron  cylinders  until  a  hard  : 

bottom  is  reached.    The  interior  of  the  cylinder  is  then 

pumped  dry,  and  filled  up  with  concrete,  or  some  equally 

solid  material,  thus  making  it  a  Eolid  pier  on  which  to  erect 

the  superstructure.     The  cylinders  are  made  in  lengths,  I 

which  are  successively  bolted  together  as  each  previous 

length  is  lowered,  the  excavation  going  on  at  the  bottom, 

which  is  kept  dry  by  pumping.     It  often  happens,  however, 

in  sinking  through  sand,  that  the  pressure  of  the  water  is 

so  great  as  to  blow  up  the  sand  at  the  bottom  of  the  cylin* 

dcr ;  and  when  this  is  the  case,  the  operation  is  carried  on 

by  means  of  a  large  auger,  called  a  miser,  which  excavates 

and  brings  up  the  materials  without  the  necessity  of  pumping 

out  the  water.    The  lower  edge  of  the  bottom  length  oi  | 

each  cylinder  is  made  with  a  sharp  edge,  to  enable  it  to  i 

penetrate  the  soil  with  greater  ea^e,  and  to  enter  the  hard  ' 
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bottom  fitratmn  on  which  the  work  is  to  rest.  This  method 
was  adopted  bj  Mr.  Redman  in  the  erection  of  the  Terrace 
Pier  at  Gravesend,  Kent,  finished  a.  d.  1845. 

15.  Before  dosing  onr  remarks  on  pile  foundations,  we 
mnst  mention  a  rerj  curious  system  of  carrying  up  a  founda- 
tion through  loose,  wet  sand,  which  is  practised  in  India  and 
China,  and  is  strictly  analogous  to  the  sinking  of  cast-iron 
cylinders  just  described. 

It  consists  in  sinking  a  series  of  wells  close  together, 
which  are  afterwards  arched  oyer  separately,  and  covered 
with  a  system  of  vaulting  on  which  the  superstructure  is 
raised.  The  method  of  sinking  these  wells  is  to  dig  down, 
as  far  as  practicable,  without  a  lining  of  masonry,  or  until 
water  is  reached  ;  a  wooden  curb  is  then  placed  at  the  bot- 
tom of  the  excavation,  and  a  brick  cylinder  raised  upon  it 
to  the  height  of  3  or  4  ft.  above  the  ground.  As  soon  as 
the  work  is  sufficiently  set,  the  curb  and  the  superincumbent 
brick-work  are  lowered  by  excavating  the  ground  under  the 
sides  of  the  curb,  the  peculiarity  of  the  process  being  that 
the  well-sinker  works  under  water,  frequently  remaining  sub- 
merged more  than  a  minute  at  a  time.  These  cylinders  hare 
been  occasionally  sunk  to  a  depth  of  40  ft. 

16.  Solid  Fawndations  simply  laid  on  the  Surface  of  ilk 
Ground. — ^Wbere  the  site  of  the  intended  structure  is  per» 
fectly  firm,  and  there  is  no  danger  of  the  work  being  under- 
mined by  any  scour,  it  will  be  sufficient  to  place  the  materir 
als  on  the  natural  bottom,  the  inequalities  of  surface  being 
first  removed  by  dredging  or  blasting. 

17.  Pierre  perdue, — ^The  simplest  mode  of  proceeding  is  to 
throw  down  masses  of  stone  at  random  over  the  site  of  the 
work  until  the  mass  reaches  the  surface  of  the  water,  above 
which  the  work  can  be  carried  on  in  the  usual  manner. 
This  is  called  a  foundation  of  *' pierre  perdue,"  or  TAndom 
work,  and  is  used  for  breakwaters,  foundations  of  searwaUs, 
and  similar  works. 
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18.  Cmrmd  Ifiuonry.— Another  waj,  much  ns^d  in  hMH 
t>pr  work,  is  to  boild  op  the  work  from  the  bottom  (whid^ 
must  be  first  ronghly  lereled)  with  large  stones^  carefulij 
lowered  into  their  places  ;  and  this  is  a  rery  snccessfal 
n^ethod  where  the  stones  are  of  sofficient  size  and  weight  to 
enable  the  work  to  withstand  the  ran  of  the  sea.  The  diymg- 
hell  affords  a  ready  means  of  yerifying  the  position  of  each 
stone  as  it  is  lowered. 

19.  Biton, — On  the  continent,  foundations  under  water 
are  frequently  executed  with  blocks  of  b^ton  or  hydraolic 
concrete,  which  has  the  property  of  setting  under  water. 
The  site  of  the  work  is  first  inclosed  with  a  row  of  sheet 
piling,  which  protects  the  beton  from  disturbance  until  it  has 
set.  This  system  is  of  very  ancient  date,  being  described  by 
VitruTius,  and  was  practised  by  the  Romans,  who  have  left 
OS  many  examples  of  it  on  the  coast  of  Italy.  The  French 
engineers  have  used  b^ton  in  the  works  at  Algiers,  in  large 
Mocks  of  324  cubic  feet,  which  were  floated  out  and  allowed 
to  drop  into  their  places  from  slings.  This  method,  which 
prored  perfectly  successful,  was  adopted  in  consequence  of 
tiie  smaller  blocks  first  used  being  displaced  and  destroyed 
by  the  force  of  the  sea. 

20.  Caissons. — A  caisson  is  a  chest  of  timber,  which  is 
floated  oyer  the  site  of  the  work,  and,  being  kept  in  its  place 
by  guide  piles,  is  loaded  with  stone  until  it  rests  firmly  on 
the  ground.  The  masonry  is  then  built  on  the  bottom  of 
tke  caisson,  and  when  the  work  reaches  the  level  of  the 
water  the  sides  of  the  caisson  are  removed. 

This  method  of  building  has  been  much  used  on  the  conti- 
nent of  Europe. 

21.  An  improvement  on  the  above  method  consists  in 
dredging  out  the  ground  to  a  considerable  depth,  and  put- 
ting in  a  thick  layer  of  b^ton  on  which  to  rest  the  bottom  of 
the  caisson. 

22.  There  is  a  third  method  of  applying  caissons  which  is 
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juractiaed  on  the  cpntineot  of  Europe,  and  which  is  free  from 
the  objections  which  commonly  attend  the  use  of  caissons. 
A  finn  foundation  is  first  formed  by  driving  piles  a  few  feet 
apart  over  the  whole  site  of  the  foundation.  The  tops  of 
the  piles  are  then  sawn  off  under  water  just  enough  above 
the  ground  to  allow  of  their  being  all  cut  to  the  same  level 
The  caisson  is  then  floated  over  the  piles,  and,  when  in  its 
proper  position,  is  sunk  upon  them,  being  kept  in  its  place 
by  a  few  pUes  left  standing  above  the  others,  the  water  be- 
ing kept  out  of  the  caisson  by  a  kind  of  well,  constructed 
round  each  of  these  internal  guide  piles,  which  are  built  up 
into  the  masonry.  This  method  of  building  in  caissons  on 
pile  foundations  is  shown  in  figs.  3  and  4.    The  piers  of  the 

Fig.S. 
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Pont  du  Yal  Benoit  at  Li^ge,  built  a.  d.  1842,  which  car- 
ries the  railway  across  the  Meuse,  have  been  built  on  pile 
foundations,  in  the  manner  here  described. 

Fig.  4. 


V    V    V    V    \     V 
28.    SoUd  FoimdcUions  laid  in  Cofferdams, — There  are 
many  circumstances  under  which  it  becomes  necessary  to 
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laj  the  bottom  dry  before  commencing  operations.  This  It 
done  by  inclosing  the  site  of  the  fonndation  with  a  water- 
tight wall  of  timber,  from  within  which  the  water  can  be 
pnmped  out  by  steam  power  or  otherwise.  Sometimes,  in 
shallow  water,  it  is  sufficient  to  drive  a  single  row  of  piles 
only,  the  outside  being  protected  with  clay,  as  shown  in  fig. 
6  ;  bat  in  deep  water  two  or  even  four  rows  of  piles  will  be 

Fig,  5. 


reqmred,  the  space  between  them  being  filled  in  with  well- 
raouned  ptiddle,  so  as  to  form  a  solid  water-tight  mass. 
(See  fig  6.)    The  great  difficulties  in  the  construction  of  a 

Fig.  6. 
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coflferdam  are — 1st,  to  keep  it  water-tight ;  and,  2nd,  to 
support  the  sides  against  the  pressure  of  the  water  outside, 
which  in  tidal  waters  is  sometimes  so  great  as  to  render  it 
necessary  to  allow  a  dam  to  fill  to  prevent  its  being  crushed. 
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24.  In  order  to  saye  timber,  and  to  avoid  the  difficnltj  of 
keeping  out  the  bottom  springs,  it  has  been  proposed  by  a 
French  engineer,  after  driving  the  outer  row,  to  dredge  out 
the  area  thus  inclosed,  and  fill  it  np  to  a  certain  height  with 
b^ton.  The  cofferdam  is  then  to  be  completed  by  driving  an 
inner  row  of  piles  resting  on  the  beton,  and  puddling  between 
the  two  rows  in  the  usual  manner  ;  and  the  masonry  is 
carried  np  on  the  b^ton  foundation  thus  prepared.  This  con- 
ftmction  is  shown  in  fig.  7. 


Fig,  7. 

25.  Concrete  is  a  valuable  material  when  applied  in  a 
proper  manner,  viz.,  in  underground  works  where  it  is  con* 
fined  on  all  sides,  and  is,  consequently,  subjected  to  little 
cross  strain  ;  but  it  is  not  fit  to  be  used  above  ground  as  a 
substitute  for  masonry,  and  will  not  bear  exposure  to  water. 

26.  Concrete  is  made  of  gravel,  sand,  and  ground  lime, 
mixed  together  with  water  ;  the  slaking  of  the  lime  taking 
place  whilst  in  contact  with  the  sand  and  gravel.  It  is 
difficult  to  give  any  definite  proportions  for  the  several 
ingredients,  but  the  principle  to  be  followed  in  proportioning 
the  several  quantities  of  sand  and  stones  should  be  to  form 
as  much  as  possible  a  solid  mass,  for  which  purpose  it  is  desir- 
able that  the  stones  should  be  of  various  sizes,  and  angular 
rather  than  rounded.  The  common  material  is  unscreened 
gravel,  containing  a  considerable  portion  of  sand  and  large 
and  small  pebbles,  bat  small  irregular  fragments  of  brokeu 
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atone,  granite  chlppings^  and  the  like,  are  of  great  Bervice, 
9S  they  interlace  each  other  and  bind  the  mass  together. 
The  proportion  of  lime  to  sand  should  be  snch  as  is  bost 
suited  to  form  a  cement  to  connect  the  stones.  This  most 
depend  in  a  great  measure  on  the  quality  of  the  time  used  ; 
the  pure  limes  requiring  a  great  proportion  of  sand,  whilst 
the  stone  limes,  and  those  containing  alumina,  silica,  and 
QB^tallic  oxides,  require  a  much  smaller  proportion. 

27.  The  lime  and  gravel  should  be  thoroughly  incorporated 
by  being  repeatedly  turned  OTer  with  shoyels,  sufficient  water 
being  added  to  ensure  the  thorough  slaking  of  the  lime  with- 
out drowning  it.  Concrete  should  not  be  thrown  into  water, 
because  ordinary  stone  lime  will  not  set  under  snch  circum- 
stances ;  and  it  should  be  carefully  protected  from  any  wash 
or  run  of  water,  which  would  have  the  effect  of  washing  out 
the  lime,  and  leaving  the  concrete  in  the  state  of  loose 
gravel.  Concrete  made  in  the  way  just  described  swells 
slightly  before  setting,  from  the  expansion  due  to  the  slaking 
of  the  lime,  and  does  not  return  to  its  original  bulk.  This 
property  makes  it  valuable  for  underpinning  foundations  and 
similar  purposes. 

28.  Biton. — ^Beton  may  be  considered  as  hydraulic  con* 
Crete  ;  that  is,  concrete  made  with  hydraulic  lime  ;  and  is 
chiefly  used  in  submarine  works,  as  a  substitute  for  masonry^ 
in  situations  where  the  bottom  cannot  be  laid  dry.  It  difiEera 
from  ordinary  concrete  inasmuch  as  the  lime  must  be  slaked 
bjefore  mixing  with  the  other  ingredients,  and  it  is  usual  to 
make  the  lune  and  sand  into  mortar  before  adding  the  stones. 
Concrete  also  is  used  hot,  whilst  b^ton  is  allowed  to  stand 
before  being  used,  in  order  to  ensure  the  perfect  slaking  of 
every  particle  of  lime.  Belidor  directs  that  the  mortar  shall 
first  be  made,  with  puzzolana,  sand,  and  quicklime. 
When  the  mortar  is  thoroughly  mixed,  the  stones  are  to  be 
thrown  in  (not  larger  than  a  hen's  egg),  and  also  iron  dross 
well  pounded  ^  the  whole  is  then  to  be  thoroughly  iACQrpo^ 
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Ated,  ftttd  left  for  twentf-four  hoars.  The  proportioDB  are  to 
be  as  follows  : — 

Puzzolana      .  12  parU. 

Sand  .  .     .  .     6  " 

Good  quicklime  9  ^ 

Small  stones  .13  ^ 

Oroond  slag  .    8  ^ 
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The  b^tOQ  is  to  be  lowered  into  the  water  in  a  box,  with 
a  bottom  so  constnieted  that  it  can  be  opened,  and  its  con- 
tents discharged,  by  palling  a  cord,  so  as  to  deposit  the  betoa 
on  the  bottom  without  having  to  fall  through  a  depth  of 
water,  which  might  wash  away  the  lime.  For  the  same 
reason  it  is  necessary,  before  commencing,  to  lay  the  beton, 
to  surround  the  site  with  sheet-piling,  to  protect  it  from  the 
action  of  the  water,  and  to  guard  against  the  danger  of  the 
softer  portions  of  the  work  being  carried  away  by  tempests 
before  they  become  consolidated. 

29.  The  ordinary  method  of  using  beton  on  the  Continent 
is  in  alternate  layers  of  beton  and  rubble  stoue.  A  layer  of 
beton,  about  a  foot  in  thickness,  is  first  spread  over  the  whole 
area  of  the  foundation,  and  on  this  is  laid  a  stratum  of 
rubble,  which,  sinking  into  the  soft  beton,  becomes  thoroughly 
incorporated  with  it.  On  this  is  laid  another  layer  of  b^ton, 
followed  by  another  course  of  rubble ;  this  system  being 
pursued  until  the  work  reaches  the  intended  height. 

80.  PUt^rvemg. — ^The  usual  method  of  pile-driring  is  l^ 
a  succession  of  blows  given  by  a  heavy  block  of  wood  or 
iron  (called  a  monkey,  or  ram,  or  tup),  which  is  raised  by  a 
rope  or  chain  passed  over  a  pulley  fixed  at  the  top  of  an  up- 
right frame  of  timber,  and  allowed  to  fall  freely  on  the  head 
of  the  pile  to  be  driven.  There  are  a  large  number  of  pile- 
drivers  of  different  styles  in  use.  The  one  most  commonly 
ttsed  in  the  United  States  is  Captain  Oram's. 
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81.  In  aelecting  timber  for  piles,  care  dioold  be  taken  to 

eboose  that  which  is  straightrgrained  and  free  from  knots 
and  ring  shakes.  Larch,  fir,  beech,  and  oak,  are  the  woods 
most  esteemed.  In  situations  exposed  to  the  worm,  there  is 
little  difference  in  the  durability  of  the  best  and  the  worst 
timber,  if  unprepared,  and,  therefore,  it  is  always  safest  to 
use  some  preserving  process. 

32.  Piles  which  have  to  be  driyen  through  hard  ground 
require  to  be  rung,  that  is,  to  have  an  iron  hoop  fixed  tightly 
on  their  heads,  to  prevent  them  from  splitting,  and  also  to 
be  shod  with  iron  shoes  ;  the  shoes  may  be  of  wrought  or  of 
cast  iron.  For  single  piles  the  point  of  the  shoe  is  placed  in 
the  centre  of  the  pile  ;  but  for  sheet-piling,  the  shoes  are 
made  not  with  a  point,  but  with  an  edge,  which  is  not  level, 
but  slightly  inclined,  so  as  in  driving  to  give  the  pile  a  drift 
towards  the  pile  last  driven,  by  which  means  a  close  contact 
is  ensured.  Great  care  is  required,  in  shoeing  a  pile,  to  en- 
sure that  the  shoe  is  driven  perfectly  home  The  advantage 
of  a  cast-iron  shoe  is,  that  the  inside  can  be  formed  with  a 
square  abutment  on  which  the  pile  rests,  whilst  a  wrought- 
iron  shoe  has  to  be  driven  up  until  the  toe  of  the  pile  is 
wedged  tight,  and,  as  the  force  with  which  the  pile  is  driven 
into  the  ground  greatly  exceeds  that  with  which  the  shoe  is 
driven  on  the  pile,  it  will  often  happen  that  the  shoe  will 
burst  open,  and  allow  the  point  of  the  pile  to  be  crushed  be- 
fore it  is  down  to  its  full  depth. 

33.  Sheeting  piles  should  be  carefully  fitted  to  each  other 
before  driving,  otherwise  they  cannot  be  expected  to  come 
in  close  contact  when  driven  In  some  few  cases  it  is  worth 
while  to  groove  and  tongue  the  edges,  but  this  is  seldom 
done,  and  if  the  piles  are  perfectly  parallel  and  truly  driven, 
the  swelling  of  the  wood  when  exposed  to  moisture  will 
generally  secure  a  tight  joint. 

84.  As  a  general  rule,  broken  timber,  that  is,  timber  cut 
out  of  larger  balks,  should  be  avoided.  A  10-in.  stick  of 
Swedish  timber  will  drive  better  and  with  less  risk  of  split. 
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Ing  than  a  quarter  of  a  20-iQ.  balk  of  best  Dantdc.  If 
piles  most  be  cut  from  large  balks,  the  heart  of  the  wood 
should,  if  possible,  be  left  in  the  centre  of  the  pile. 

85.  In  driving  sheet-piling,  the  piles  are  kept  in  their  pro- 
per position  by  horiiontal  pieces  of  timber  called  waUs,  which 
are  fixed  to  guide  piles  previously  driven.  In  driving  coffer- 
dams and  similar  works,  the  wales  are  seldom  placed  below 
the  water-line,  but  this  may  be  done  with  great  benefit  by 
attaching  the  wales  to  hoops  dropped  over  the  heads  of  the 
guide  piles,  and  pushed  down  as  low  as  the  ground  will  per- 
mit. In  driving  into  or  through  a  hard  stratum,  it  is  de- 
sirable that  the  auger  should  precede  the  driving,  as  it  will 
save  much  time,  and  much  injury  to  the  piles  ;  and  in  all 
cases  where  a  hard-bearing  stratum  has  to  be  reached  at  a 
variable  depth,  the  boring-rod  should  be  used  to  ascertain 
the  length  of  pile  required,  as  nothing  is  more  vexatious  than 
finding  a  pile  a  few  inches  too  short  when  driven,  or,  on  the 
other  hand,  having  to  cut  oflf  5  or  6  ft.  of  good  timber,  which 
must  be  needlessly  wasted. 

36.  Many  writers  have  endeavored  to  lay  down  rules  for 
calculating  the  effect  of  a  given  blow  in  sinking  a  pile,  but 
investigations  of  this  kind  are  of  little  practical  value,  because 
we  can  never  be  in  possession  of  sufBcient  data  to  enable  us 
to  obtain  even  an  approximate  result.  The  effect  of  each 
blow  on  the  pile  will  depend  on  the  force  of  the  blow,  the 
velocity  of  the  ram,  the  relative  weights  of  the  ram  and  the 
pile,  the  elasticity  of  the  pile  head,  and  the  resistance  offered 
by  the  ground  through  which  the  pile  is  passing,  and  as  we 
never  can  ascertain  the  two  last-named  conditions  with  any 
certainty,  any  calculations  in  which  they  are  only  assumed 
must  of  necessity  be  mere  conjectures. 

37.  Piles  driven  for  temporary  purposes  are,  at  the  com- 
pletion of  their  terra  of  service,  either  drawn  for  the  value  of 
the  timber  and  iron  shoes,  or  cut  oflf  at  the  level  of  the 
ground  if  they  are  in  situations  where  the  drawing  of  the 
piles  might  cause  any  risk  to  the  adjacent  work.    When 
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<^ee1rpiling  has  been  driyen  round  the  foundations  of  any 
work,  as  in  forming  a  cofferdam  round  the  pier  of  a  bridge, 
there  will  always  be,  in  the  event  of  its  being  drawn,  the 
risk  of  the  ground  settling  down  to  fill  up  the  vacancy  thereby 
occasioned  ;  but  in  clay  o^  marl  soils  this  is  not  the  greatest 
danger,  for  the  water  scours  out  and  enlarges  the  race  thus 
formed,  and  the  bottom  speedily  becomes  broken  up,  nearly 
to  the  depth  to  which  the  piles  were  driven.  As  a  general 
rule,  therefore,  it  may  be  laid  down,  that  piles  in  such  situa- 
tions should  never  be  drawn,  but  should  be  cut  off  at  the 
level  of  the  ground,  and  this  may  be  done  in  various  ways. 
Ist.  By  common  means,  the  men  working  in  a  diving  bell, 
or  with  diving-helmets.  2d.  By  machinery  especially  con- 
structed for  the  purpose.  3d.  In  the  case  of  cofferdams,  by 
cutting  the  piles  nearly  through  from  the  inside  with  the 
adze,  leaving  the  water  on  the  outside  of  the  piles  to  com- 
plete the  operation  on  the  removal  of  the  strutting. 

38.  There  are  many  cases,  however,  in  which  it  becomes 
necessary  to  draw  piles,  and  the  modes  in  which  this  may  be 
done  are  almost  infinite.  The  common  plan,  where  the  situ- 
ation will  admit  of  it,  is  to  make  use  of  a  balk  of  timber  as  a 
lever,  one  ^nd  of  which  is  shackled  to  the  head  of  the  pile, 
whilst  to  the  other  end  is  applied  such  power  as  oan  most 
readily  be  obtained. 

39.  A  very  simple  method  of  drawing  piles  is  by  means  of 
a  powerful  screw,  of  which  one  end  is  hooked  to  a  ^lackle 
passing  round  the  head  of  the  pUe,  whilst  the  other  passes 
through  a  cross-head,  resting  firmly  on  temp<ffary  supports 
placed  on  each  side  of  the  pile. 

40.  Cofferdams. — A  cofferdam  may  be  described  as  a 
water-tight  wall,  constructed  round  the  site  of  any  work,  for 
the  purpose  of  laying  dry  the  bottom  by  pumping  out  the 
water  from  the  area  thus  enclosed.  In  some  situations,  this 
may  be  effected  by  earthern  dams,  by  bags  of  clay  piles  on 
each  other,  or  by  rough  caissons,  witlsoiit  top  or  bottom. 
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flDed  with  elaj,  and  Bank  in  line  round  the  space  to  be  en- 
dosed  ;  bnt  in  the  mtgoritj  of  cases,  the  method  is  to  drire 
two  or  more  rows  of  close  piling,  and  to  fill  ap  the  space  be- 
tween them  with  claj  paddle. 

41.  Cofferdams  are  sometimes  formed,  in  shallow  water, 
with  a  single  row  of  sheet-piling  ;  bat  this  is  very  precarioas 
work,  as,  unless  the  piles  are  fitted  together  with  great 
trath,  it  is  impossible  to  keep  the  joints  close,  and  to  preyent 
leakage.  A  single  row  of  sheet-piling,  may,  however,  be 
often  used  with  great  advantage  ast  protection  and  snpport 
in  front  of  an  earthen  dam,  and  this  is  a  very  economical 
and  satisfactory  method  of  proceeding  whore  there  is  no 
depth  of  water. 

42.  Cofferdams  are  snbject  to  heavy  external  pressure 
from  the  water  round  them,  which  would  crush  them 
in,  were  they  not  very  firmly  strutted.  In  cofferdams 
inclosing  a  small  area,  as,  for  instance,  the  site  of  the  i»er  of 
a  bridge,  the  strutting  is  placed  from  side  to  side,  in  the 
manner  that  will  give  the  greatest  facility  for  carrying  on  the 
work,  the  struts  being  gradually  removed  as  the  latter  pro- 
coeds. 

In  constructing  dams  in  front  of  a  wharf  wall,  or  similar 
work,  the  strutting  requires  to  be  effected  in  a  different  man- 
ner, and  the  plan  usually  adopted  is  to  form  a  series  of  but- 
tresses, or  counterforts,  at  short  intervals,  from  which  the 
intermediate  portions  of  the  dam  can  be  strutted  with  raking, 
horizontal  stmts.  The  strength  given  to  these  counterforts 
must,  of  course,  depend  on  the  amount  of  pressure  to  como 
on  the  dam. 

43.  In  rivers  subject  to  heavy  freshets  it  is  conmiiHi,  in 
constructing  cofferdams,  to  keep  the  top  of  the  dams  below  , 
the  flood  level,  as  it  is  generally  less  ezpencave  to  pmnp  out  ; 
the  water  from  the  interior  of  the  dam  occasionally,  than  to 
construct  and  maintain  a  dam  which  should  sustain  the 
pressure  of  the  flood  waters  ;  and  it  is  always  advisable  to 
provide  every  dam  with  a  sluice,  by  tiean  of  which  the  water 
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can  be  admitted,  if  there  is  any  fear  of  injary  fh>m  asaddeB 
freshet  or  from  any  other  canse.  Iq  tidal  waters  the  operation 
of  closing  a  dam  is  sometimes  rather  hazardous  (unless  it 
can  be  performed  at  low  water),  from  the  tide  falling  out- 
side, without  the  dead  water  inside  being  able  to  escape 
sufficiently  quick  through  the  sluices  to  maintain  an  equili- 
brium ;  and,  unless  the  piles  and  puddle  wall  are  sufficiently 
strong  to  resist  this  outward  pressure,  the  work  will  be 
Tiolently  strained,  and  often  permanently  injured.  When 
the  site  to  be  inclosed  is^bore  the  level  of  low  water,  half- 
tide  dams  are  sometimes  resorted  to.  A  half-tide  dam  is  one 
which  is  covered  and  filled  at  every  tide,  and  emptied  by 
sluices  at  low  water,  the  available  working  hours  lasting  from 
the  time  the  bottom  runs  dry  until  the  flood  tide  reaches  the 
top  of  the  dam. 

44.  The  principal  difficulties  in  the  construction  of  coffer- 
dams may  be  thus  briefly  stated  : — 

Ist.  To  obtain  a  firm  foothold  for  the  piles,  which,  in  either 
rock  or  mud,  is  a  matter  of  great  difficulty. 

2d.  To  prevent  leakage  between  the  surface  of  the  ground 
and  the  bottom  of  the  paddle. 

3d.  To  prevent  leakage  through  the  paddle  wall. 

4th.  To  keep  out  the  bottom  springs. 

BETAIXING  WALLS. 

46.  The  name  of  retaining  wall  is  applied  generally  to  all 
walls  boilt  to  support  a  mass  of  earth  in  an  upright  or  nearly 
upright  position  ;  but  the  term  is,  strictly  speaking,  restricted 
to  walls  buUt  to  retain  an  artificial  bank,  those  erected  to 
BOBtam  the  fiace  of  the  solid  ground  being  called  breast  toalU. 
(See  fig.  8) 
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46.  Retaimfng  Walls. — Manj  rules  hafe  been  giren  by 
different  writers  for  calculating  the  thrust  which  a  bank  of 
earth  exerts  against  a  retaining  wall,  and  for  determining  the 
form  of  wall  which  affords  the  greatest  resistance  with  the 
least  amount  of  material.  The  application  of  these  rules  to 
practice  is,  however,  extremely  difficult,  because  we  have  no 
joeana  of  ascertaining  the  exact  manner  in  which  earth  acts 
against  a  wall ;  and  they  are,  therefore,  of  little  value  except 
m  determining  the  general  principles  on  which  the  stability 
of  these  constructions  depends. 

47.  The  calculation  of  the  stability  of  a  retaining  wall 
divides  itself  into  two  parts  : 

1st.  The  thrust  of  the  earth  to  be  supported. 
.    2d.  The  resistance  of  the  wall. 

48.  Definitions  (see  fig.  9.) — 7%e  line  of  ruptwre  is  that 
alang  which  separation  takes  place  in  case  of  a  ji^  of 

Fig.  9. 


earth.    The  slope  which  the  earth  would  assume,  if  left  to- 
tally unsupported,  is  called  the  wUwal  slope,  and  it  has  been 
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found  that  the  line  of  roptnre  generally  divides  tbe  angle 
formed  by  the  natural  slope  and  the  back  of  the  wall  Into 
nearly  equal  parts. 

The  centre  ofpresswn  is  that  point  in  the  back  of  the  wall 
above  and  below  which  there  is  an  eqnal  amount  of  pressure ; 
and  this  has  been  found  by  experiment  and  calculation  to  be 
at  two-thirds  of  the  vertical  height  of  the  wall  from  its  top. 

The  wall  is  assumed  to  be  a  solid  mass,  incapable  of 
sliding  forward,  and  giving  way  only  by  turning  over  on  its 
front  edge  as  a  fulcrum.  In  the  annexed  diagrams  the 
foundations  of  the  walls  have,  in  all  cases,  been  omitted,  to 
simplify  the  subject  as  much  as  possible.  The  term  slo^  in 
the  following  investigation  is  nsed  as  synonymous  with  the 
expression  Hne  of  rupture. 

49.  Amownt  and  DireeHon  of  the  Thrust. — ^There  are  two 
ways  in  which  this  may  be  calculated  : — 1st,  By  considering 
the  earth  as  a  solid  mass  sliding  down  an  inclined  plane,  aB 
slipping  between  the  earth  and  the  back  of  the  waU  being 
prevented  by  friction.  This  gives  the  mwdmum  thrust  of  the 
earth.  2nd,  By  assuming  the  particles  of  earth  to  have  so 
little  cohesion,  that  there  is  no  friction  either  on  the  slope  or 
against  the  back  of  the  wall.  This  method  of  calculation 
gives  the  maximvM  thrust. 

The  real  thrust  of  any  bank  will  probably  be  somewhere 
between  the  two,  depending  on  a  variety  of  conditions  which 
it  is  impossible  to  reduce  to  calculation  ;  for,  although  we 
may  by  actual  experiments  with  sand,  gravel,  and  earths  of 
dififerent  kinds,  obtain  data  whence  to  calculate  the  thrust 
exerted  by  them  in  a  perfectly  dry  state,  another  point  most 
be  attended  to  when  we  attempt  to  reduce  these  results  to 
practice,  viz.,  the  action  of  water,  which,  by  destroying  the 
cohesion  of  the  particles  of  earth,  brings  the  mass  of  material 
behind  the  wall  into  a  semi-fluid  state,  rendering  its  action 
more  or  less  similar  to  that  of  a  flnid  according  to  thedegne 
of  saturation. 
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The  tendenc J  to  slip  will  also  yerj  greatly  depend  on  the 
maimer  in  which  the  material  is  JUjed  against  the  wall.  If 
the  groond  be  benched  out  (see  fig.  8,)  and  the  earth  well 
pnnned  in  layers  inclined /r<?m  the  wall,  the  pressure  will  be 
very  triflings  provided  only  that  attention  be  paid  to  suriaoe 
and  back  drainage.  If,  on  the  other  hand,  the  bank  be  tip- 
ped in  the  nsnal  manner  in  layers  sloping  towards  the  wall, 
the  fnll  pressure  of  the  earth  will  be  exerted  against  it,  and 
it  must  be  made  of  corresponding  strength. 

60.  Calculation  of  ]\dzmmvM  Thrust. — The  weight  of  the 
Drism  of  earth  represented  by  the  triangle  ABC,  fig.  9, 
Fig.  10.  ^*  ^®  directly  as  the  breadth  AC, 

the  height  being  constant ;  and  the 
inclination  of  B  C  remaining  con- 
stant, but  the  height  yarying,  the 
weight  will  be  as  the  square  of  the 
height.  If,  therefore,  we  call  the 
weight  of  the  prism  ABC,  W, 
the  breadth  AC,  6,  the  height 
AB,  h,  and  the  specific  grarity  of 

the  earth,  s,  we  shall  have  W  =  ^^'     If   we   call    the 

2. 
thrust  of  W  in  the  direction  of  the  slope  W,  then  (neglect- 
ing friction,)  on  the  principle  of  the  inclined  plane,  W  will 
be  to  W  as  the  length  of  the  incline  is  to  its  bright ;  or^ 
calling  the  length  B  C,  l^  then 

AW       hh^s* 

Z:A::  W:W'  = = . 

/  2/ 

•  The  Tftlm  of  W-  h«re  given  will  InenaM  with  the  lengCh  of  A  C  in  a  oonitantly 
h^S 
JAnnmnlug  talks  never  ^oeediog  —  rappoeing  the  baek  of  the  waU  to  be  itpir%h|« 

2 

Bat  In  praetice  the  friction  must  always  be  taken  into  consideration  ;  and,  as  thli 
InercaMe  directly  as  A  C,  there  wiU  be  a  limit  at  which  the  thrust  and  the  reaist- 
anoe  balance  each  other,  this  limit  being  the  natural  slope  ;  and,  as  the  tbmst  ani 
the  resistance  inereaie  with  the  lengUi  of  A  C  in  different  ratios,  there  wffl  be  a 
point  at  which  the  efTeetire  thrust  is  greatest,  or,  in  other  words,  a  slope  of  Mi¥l 
mom  thrnst  which  detraninee  the  position  of  the  line  of  mptue. 
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The  effect  of  the  weight  of  the  prism  A  6  C  to  oyertim  tJie 
wall  will  be  as  W  multiplied  by  the  leverage  E  P,  fig.  10, 
foand  bj  letting  fall  the  perpendicular  E  F,  from  the  front 
edge  of  the  wall,  upon  D  F,  drawn  through  the  centre  of 
pressure  in  a  direction  parallel  to  the  slope.  When  D  F 
passes  through  E,  then  E  F  =  O,  and  the  thrust  has  no  ten- 
dency to  overtum  the  wall  ;  and  when  DF  falls  within  the 
base  of  the  wall,  E  F  becomes  a  negative  quantity,  the  thrust 
increasing  its  stability.  Galling  the  overturning  thrust  T, 
we  have 

T=W'XBF= 

the  Talue  of  E  F*  depending  on  the  inclination  of  the  slope^ 
and  the  width  of  the  base  of  the  wall 

51.  CdUubHon  of  MoLximum  Thrust, — If  we  consider  the 
moving  mass  to  slide  freely  down  the  slope,  and  the  friction 
between  the  earth  and  the  back  of  the  wall  to  be  so  slight 
as  to  be  inappreciable,  then  .the  prism  ABC  will  act  as  a 
wedge,  with  a  pressure  perpendicular  to  the  back  of  the 
wall,  which  will  be  the  same  whatever  the  inclination  of  B 
C,  the  height  and  inclination  of  the  back  of  the  wall  being 
constant,  and  as  the  square  of  the  height  where  the  height 
varies,  the  pressure  being  the  least  when  the  back  of  the 
wall  is  vertical ;  for  calling  the  pressure  P,  and  drawii^ 
A  I,  fig.  11,  perpendicular  to  B  G,  we  have,  on  the  princi}  le 
of  the  wedge, 

W'XAB        5A«*XAB 

AI:AB::W':P  = = 

AI  2ZXAI 

and  by  construction  &  A  =  /  A  I,  as  they  are  each  equaJ  to 

•EF=-  X  I-  -EB|  and 

I         \3  / 

bh^t    h  fb        \  bm  8    fb         \ 

T— W'XBF« x-( EB) x( EB  I 

21         /  Vs  /        W     V8  /   . 
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twice  the  area  of  triangle  ABC;  therefore,  by  sabstitation, 
lAUsXAB      hsXAB 


2/AI  2 

The  effect  of  the  prism  A  B  C  to  overturn  the  wall  wfll  b« 
P  moltiplied  by  the  leverage  EF'*',  which  will  be  found  by 
drawing  DF,  fig  13,  at  right  angles  to  the  back  of  the  wall 
Fig.  11.  Fig.U. 


through  the  centre  of  pressure,  and  making  E  F  perpendicular 
to  it ;  then  calling  the  overturning  thrust,  as  before,  T, 

ABXA*XEF 

T=PXEF= 

2 
When  D  F  passes  through  E,  then  E  F  =  0,  and  the  thrust 
has  no  tendency  to  overturn  the  wall ;  and,  if  D  F  falls  within 
the  base,  the  thrust  will  increase  its  stability.    When  the 
\>Mk  of  the  wall  is  vertical,  then 

h  ^s 

AB=A  and  EF=— and  T=— . 
3  6 


BF: 


AndTt 


*  Callioff  the  angle  X  A  B  s  0 
AB       EB.AX      h 

I + «a    ogaeo  ^  +  BBoof.^ 

8    —      AB  3  — 


sP  XBF 


Ah.ht 


/AB«  \ 

Xf  +^EB.AXj 


/AB       EB.AX\ 
\~—      AB    J 


Hi*  poaittye  sign  U  to  be  vied  when  fth«  back  of  the  mXL  toftBf  tMokwirii  i  fk» 
negsthrt,  when  It  leani  ftxrwardt. 
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6i.  These  results  show  that,  where  the  Mction  of  the 
earth  against  the  slope  and  the  back  of  the  wall  is  destroyed 
bj  the  filtration  of  water,  the  action  of  the  earth  will  be 
precisely  similar  to  that  of  a  colomn  of  water  of  the  height 
of  the  wall.  The  pressure  apon  the  side  of  any  vessel  is  the 
half  of  the  pressure  that  would  take  place  upon  the  bottom 
if  of  the  same  area.  Now,  calling  the  specific  gravity  of  the 
water  s,  the  pressure  upon  the  bottom,  supposing  its  length 
to  be  A B,  would  hehs  A,B  ;  therefore  the  pressure  npoa 
the  Bide  will  be  AfAB  A^AB.EF 
:  andT=PXEP= . 

»  a 

And,  where  the  back  of  the  wall  is  verticaly  thw 

A 

AB=A  and  EF=:-as  above.    Therefore 

8 

h^$  Jfis    h       »$ 

p and  T=— X-=—  ; 

9  2     3       6 

which  results  are  precisely  the  same  as  those  arrived  at 
above. 

53.  BmHanot  of  ike  WdU. — Considering  the  wall  as  a 
solid  mass,  the  effect  of  its  weight  to  resist  an  overturning 
thrust  will  be  directly  as  the  horizontal  distance  E  H  from 
its  front  edge  to  a  vertical  line  drawn  through  O,  the  centre 
of  gravity  of  the  wall,  fig.  13  ;  or,  calling  the  reastance  R, 
and  the  weight  of  the  wall  V,  then  B=:wXBH.  EH  will 
be  directly  as  E  B,  the  proportions  of  the  wall  being  con- 
stant ;  therefore  a  wall  of  triangular  section  will  afford  more 
resistance  than  a  rectangular  one  of  equal  sectional  area, 
the  base  of  a  triangle  being  twice  that  of  a  rectangle  of 
equal  height  and  area. 

If  the  wall  be  buDt  with  a  curved  concave  batter,  fig.  14, 
E  H  will  be  still  greater  than  in  the  case  of  a  triangular 
wall  of  equal  sectional  area ;  and,  if  the  wall  were  one  solid 
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mass  incapable  of  firactnre, 
this  form  would  offer  more  re* 
sbtance  than  the  triangalar. 
Bat,  as  this  is  not  the  case, 
we  may  consider  any  portion 
of  the  waU  cut  off  from  the 
bottom  by  a  level  line  to 
be  a  distinct  wkH  resting  upon 
JIB  the  lower  part  as  a  foundation. 

Imagine  A  e  5  to  be  a  complete  wall  capable  of  turning  upon 
e  as  a  fulcrum.  The  resistance  would  be  considerably  less 
than  that  of  the  corresponding  portion  of  a  triangular  wall. 
In  the  case  of  a  triangular  wall,  the  proportions  of  the 
resistance  to  the  thrust  will  be  the  same  throughout  its 
height.  In  the  case  of  a  rectangular  one,  the  resistance  will 
bear  a  greater  proportion  to  the  thrust,  the  greater  the  dis- 
tance from  the  bottom.  In  the  case  of  a  wall  with  a  con- 
care  curyed  batter,  the  reverse  of  this  takes  place. 

The  value  of  E  H  will  be  greatest  when  E  H  =  E  B,  the 
wall  wiU  be  then  exactly  balanced  on  H  ;  but  in  practice 
this  limit  should  never  be  reached,  for  fear  the  wall  should 
become  crippled  by  depending  on  the  earth  for  support.  The 
value  of  E  H  will  be  least  when  H  coincides  with  E,  which 
opposite  limit  also  is  never  reached  in  practice — for  obvious 
reasons — as  the  wall  would  in  this  case  overhang  its  base, 
and  be  on  the  point  of  falling  forward. 

54.  The  increased  leverage  is  not  the  only  advantage 
gained  by  the  triangular  form  of  wall.  In  the  foregoing 
investigation,  we  have  considered  the  wall  as  a  solid  mass 
turning  on  its  front  edge.  Now,  practically,  the  difficulty  is 
not  so  much  to  keep  the  wall  from  overturning  as  to  prevent 
the  courses  from  sliding  on  each  other. 

In  an  upright  wall,  built  in  horizontal  courses,  the  chief 
resistance  to  sliding  arises  from  the  adhesion  of  the  mortar ; 
but,  if  the  wall  be  built  with  a  slopiug  or  battering  face,  ths 
beds  of  the  courses  being  inclined  to  the  horizon,  the  resist 
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anee  to  tbe  tbrnst  of  the  bank  is  increased  in  propor- 
tion to  tbe  tendency  of  tbe  courses  to  slide  down 
towards  the  bank;  thas  rendering  the  adhesion  of  tbs 
mortar  merely  an  additional  secaritj.  The  importance 
of  making  the  resistance  independent  of  the  adhesion 
of  the  mortar  is  obviously  very  great,  as  it  would  otherwise 
be  necessary  to  delay  backing  up  a  wall  until  the 
mortar  were  thoroughly  set,  which  might  require  several 
months. 

55.  The  exact  determination  of  the  thrust  which  will  be 
exerted  against  a  wall  of  given  height  is  not  possible  in 
practice ;  because  the  thrust  depends  on  the  cohesion 
of  the  earth,  the  dryness  of  the  material,  the  mode  of 
backing  up  the  wall,  and  other  conditions  which  we 
have  no  means  of  ascertaining.  Experience  has,  however, 
shown  that  the  base  of  the  wall  should  not  be  less  than 
one-fourth,  and  the  batter  or  slope  not  less  than  one- 
sixth  of  the  vertical  height,  wherever  the  case  is  at  all 
doubtful. 

56.  The  results  of  the  above  investigation  are  illustrated 
in  figures  14, 15,  16,  IT,  and  18,  which  show  the  relative 


Fig.  14. 


Fig,  15. 


sectional  areas  of  walls  of  diiferent  shapes,  that  would  be 
required  to  resist  the  pressure  of  a  bank  of  earth  12  feet 
high. 
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Fig,  16.  Fig.  17. 


Fig.  18. 


The  first  three  examples  are  calculated  to  resist  the  maxi' 
mum,  and  the  fourth,  the  minimum,  thrust ;  whilst  the  last 
figure  shows  the  modified  form  usually  adopted  in  practice. 

57.  It  is  sometimes  necessary  in  soft  ground  to  protect  the 
toe  or  front  edge  of  a  retaining  wall  ¥rith  sheet  piling,  to  pre- 
vent it  from  being  forced  forward  ;  this  is  shown  in  fig.  8. 

68.  Conmierforis. — Retaining  walls  are  often  built  with 
counterforts,  or  buttresses,  at  short  distances  apart,  which 
allow  of  the  general  section  of  the  wall  being  made  lighter 
than  would  otherwise  be  the  case.  The  principle  on  which 
these  counterforts  are  generally  built  is,  however,  very  de- 
fective, as  they  are  usually  placed  behind  the  wall,  which 
frequently  becomes  torn  from  them  by  the  pressure  of  the 
earth.  The  strength  of  any  retaining  wall  would,  however, 
be  greatly  increased  were  it  built  as  a  series  of  arches,  abut 
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ting  on  long  and  thin  bnttreflsee  ;  bat  the  loss  of  qwoe  that 
would  attend  this  mode  of  constraction  has  elTectiiallj  pro- 
Tented  ite  adoption  except  in  a  few  instances. 

59.  Breoii  Wails. — Where  the  ground  to  be  supported  is 
firm,  and  the  strata  are  horizontal,  the  office  of  a  breast  waU 
is  more  to  protect,  than  to  sustain  the  earth.  It  should  be 
borne  in  mind  that  a  trifling  force,  skilfully  applied  to  un- 
broken ground,  will  keep  in  its  place  a  mass  of  material 
which,  if  once  allowed  to  move,  would  crush  a  heayy  waU ; 
and,  therefore,  great  care  should  be  taken  not  to  expose  the 
newly  opened  ground  to  the  influence  of  air  and  wet  for  a 
moment  longer  than  is  requisite  for  sound  work,  and  to  aroid 
leaving  the  smallest  space  for  motion  between  the  back  of 
the  wall  and  the  ground. 

60.  The  strength  of  a  breast  wall  must  be  proportionately 
increased  when  the  strata  to  be  supported  incline  towards 
the  wan,  as  in  fig.  19  :  where  they  incline  from  it,  the  wall 
need  be  little  more  than  a  thin  facing  to  protect  the  ground 
from  disintegration. 

FLgl9. 


61.  The  preservation  of  the  natural  drainage  is  one  of  the 
most  important  points  to  be  attended  to  in  the  erection  of 
breast  walls,  as  upon  this  their  stability  in  a  great  measure 
depends.  No  rule  can  be  given  for  the  best  manner  of  doing 
this  ;  it  must  be  a  matter  for  attentive  consideration  in  each 
particular  case. 
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69.  An  arch  in  perfect  eqnOibriom  may  be  considered  att 
a  slightly  elastic  curved  beam,  every  part  of  which  is  in  a 
Btate  of  compression,  the  pressure  arising  from  the  weight  of 
the  arch  and  its  snperincmnbent  load  being  transmitted  to 
the  abutments  on  which  it  rests  in  a  curved  line  called  the 
curve  of  equUibriunif  passing  through  the  thickness  of  the 
arch. 

63.  The  wedge-shaped  stones  of  which  a  stone  arch  is 
composed  are  called  the  voussoirs.  The  upper  surface  of  an 
arch  is  called  its  extrados,  and  the  lower  surface  its  irUrados 
or  soffit  (see  fig.  20).    Theoretically,  a  stone  arch  might 


give  way  by  the  sliding  of  the  voussoirs  on  each  other ;  but 
in  practice  the  friction  of  the  material  and  the  adhesion  of 
the  mortar  is  sufficient  to  prevent  this,  and  failure  takes 
place  in  the  case  of  an  overloaded  arch  by  the  voussoirs 
turning  on  their  edges. 

64.  The  curve  of  equilibrium  will  vary  with  the  rise  and 
span  of  the  arch,  the  depth  of  the  arch  stones,  and  the  dis* 
tribution  of  the  load,  but  it  will  always  have  this  property, 
namely,  that  the  horizontal  thrust  will  be  the  same  at  every 
part  of  it.  In  order  that  an  arch  may  be  in  perfect  eqol^ 
27 
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brimn,  its  cniratare  should  coincide  with  that  of  the  carrt 
of  eqaal  horizontal  thrust ;  if,  from  being  improperly  d^ 
signed  or  unequally  loaded,  this  latter  curve  approaches 
either  the  intrados  or  the  extrados,  the  voassoirs  will  be 
liable  to  fracture  from  the  pressure  being  thrown  on  a  veiy 
small  bearing  surface  ;  and  if  it  be  not  contained  within  the 
thickness  of  the  arch,  failure  will  take  place  by  the  joints 
opening,  and  the  Toussoirs  turning  on  their  edges. 

65.  The  manner  in  which  the  curve  of  equilibrium  is  af- 
fected by  any  alteration  in  the  load  placed  upon  an  arch  may 
readily  be  seen  by  making  an  experimental  equilibrated  arch 
with  convex  voussoirs,  as  shown  in  fig.  20.  When  bearing 
its  own  weight  only,  the  points  of  contact  of  the  voussoirs 
will  lie  wholly  in  the  centre  of  the  thickness  of  the  arch  ; 
when  loaded  at  the  crown,  the  points  of  contact  will  ap- 
proach the  extrados  at  the  crown,  and  the  intrados  at  the 
haunches ;  and,  if  loaded  at  the  haunches,  the  reverse  effect 
will  take  place. 

66.  If  a  chain  be  suspended  at  two  points,  and  allowed  to 
hang  freely  between  them,  the  curve  it  takes  is  the  curve  of 
equilibrium  of  an  arch  of  the  same  span  and  length  on  soffit, 
in  which  the  weights  of  the  voussoirs  correspond  to  the 
weights  of  the  links  of  the  chain,  and  would  be  precisely  the 
same  as  that  marked  out  by  the  points  of  contact  of  the 
curved  voussoirs  of  an  experimental  arch  of  the  same  dimen- 
fflons  built  as  above  described. 

6t.  In  designing  an  arch,  two  methods  of  proceeding  pre- 
sent themselves :  we  may  either  confine  the  load  to  the 
weight  of  the  arch  itself  or  nearly  so,  and  suit  the  shape  of 
the  arch  to  a  given  curve  of  equilibrium,  or  we  may  design 
the  arch  as  taste  or  circumstances  may  dictate,  and  load  it 
until  the  line  of  resistance  coincides  with  the  curve  thus  de- 
termined upon. 

The  Gothic  vaults  of  the  middle  ages  were,  in  a  great 
measure,  constructed  on  the  first  of  these  methods,  being  in 
niany  cases  only  a  few  inches  in  thickness,  and  the  curvature 


'       AST  OF   BUILDING.  827 

of  tlie  main  ribs  coinciding  yery  nearly  witb  tlieir  cmres  of 
equal  horizontal  thrust.  We  have  no  means  of  ascertaining 
whether  this  was  the  result  of  calculation  or  experiment ; 
probably  the  latter,  but  the  principle  was  evidently  under- 
stood. 

At  the  present  day,  the  requirements  of  modern  bridge 
building  often  leave  the  architect  little  room  for  choice  in 
the  proportions  of  his  arches,  or  tbe  height  and  inclinations 
of  the  roadway  they  are  to  carry  ;  and  it  becomes  necessary 
to  calculate  with  care  the  proportion  of  the  load  which  each 
part  of  the  arch  must  sustain,  in  order  that  the  curve  of 
equilibrium  may  coincide  with  the  curvature  of  the  arch. 

68.  The  formulsB  for  calculating  the  equilibration  of  an 
arch  are  of  too  intricate  a  nature  to  be  introduced  in  these 
pi^es ;  but  the  principles  on  which  they  depend  are  very 
simple. 

Let  it  be  required  to  construct  a  stone  arch  of  a  given 
curvature  to  support  a  level  roadway,  as  shown  in  fig.  20, 
and  to  find  the  weight  with  which  each  course  of  voussoirs 
must  be  loaded  to  bring  the  arch  into  equilibrium. 

Draw  the  centre  line  of  the  arch  to  a  tolerably  large  scale 
IB  an  inverted  position  on  a  vertical  plane,  as  a  drawing 
board,  for  instance,  and  from  its  springing  points  a,  d,  sus- 
pend a  fine  silk  thread  of  the  length  of  this  centre  line  strung 
with  balls  of  diameter  and  weight  corresponding  to  the 
thickness  and  weight  of  the  voussoirs  of  the  arch ;  then, 
from  the  centre  of  each  ball  suspend  such  a  weight  as  will 
bring  the  thread  to  the  curve  marked  on  the  board,  and 
these  weights  will  represent  the  load  which  must  be  placed 
over  the  centre  of  gravity  of  each  of  the  voussoirs,  as  shown 
by  the  dotted  lines,  in  order  that  the  arch  may  be  in  equi* 
libriumi  | 

To  find  what  will  be  the  thnist  at  the  abutments,  or  at  i 
any  point  in  the  arch,  draw  a  c,  touching  the  curve,  the  ver- 
tical line  ab  of  any  convenient  length,  and  the  horizontal 
fine  b  c,  then  the  lengths  of  the  lines  ac^  ab,  and  b  c,  will  be^ 
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nqpectiTelj  as  the  thnirt  of  the  arch  at  a,  in  the  direew««i^ 
and  the  yertical  pressure  and  horizontal  throst  into  whieh  it 
is  resolved  ;  and  the  weight  of  that  part  of  the  arch  between 
its  centre  and  the  point  a,  which  is  r^resented  by  a  h,  being 
known,  the  other  forces  are  readily  calcnlated  from  it. 

69.  When  the  form  of  an  arch  does  not  exactly  coincide 
with  its  curve  of  eqnal  horizontal  thmst,  there  will  always 
be  some  minimum  thickness  necessary  to  contain  this  carve, 
and  to  insnre  the  stability  of  the  arch.  In  a  semicircular,  fig. 
21,  whose  thickness  is  one-ninth  of  its  radius,  the  line  of  equal 
horizontal  thrust  just  touches  the  eztrados  at  the  crown,  and 
the  intrados  at  the  haunches,  pointing  out  the  places  where 
failure  would  take  place  with  a  less  thickness  or  an  unequal 
load,  by  the  voussoirs  turning  on  their  edges.  Those  arches 
which  differ  most  from  their  carves  of  equal  horizontal  thrust 
are  semicircles  and  semi-ellipses,  which  have  a  tendency  to 
descend  at  their  crowns  and  to  rise  at  their  haunches,  unless 

Fig.  21. 


they  are  well  backed  up.  Pointed  arches  have  a  tendency  to 
rise  at  the  crown  ;  and,  to  prevent  this,  the  cross  springers 
of  the  ribbed  vaults  of  the  middle  ages  were  often  made  of  a 
semicircular  profile,  their  flatness  at  the  crown  being  con- 
cealed by  the  bosses  at  their  intersections. 

70.  If  the  experiment  be  tried  of  equilibrating,  in  the 
manner  above  described,  a  suspended  semicircular  or  semi- 
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dBpCie«l  arch,  it  wiU  be  found  to  be  practicallj  imposriblt, 
as  the  weight  required  for  that  purpose  becomes  infinite  at 
the  springing.  This  difficnltj  does  not  exist  in  practice,  for 
that  part  of  an  arch  which  lies  beyond  the  plane  of  the  face 
of  the  abutment  in  reality  forms  a  part  of  the  abutment 
itself  (fig.  21;. 

The  Gothic  architects  well  understood  this,  and  in  their 
raulted  roofs  built  this  portion  in  horizontal  courses  as  part 
of  the  side  walls  (fig.  22),  commencing  the  real  arch  at  a 
point  considerably  above  the  spinging. 

tl.  The  depth  of  the  voussoirs  in  any  arch  must  be  suffi- 


Fig.  22.» 


cient  to  contain  the  curve  of 
equilibrium  under  the  greatest 
load  to  which  it  can  be  exposed; 
and,  as  the  pressure  on  the  arch 
stones  increases  from  the  crown 
to  the  springing,  their  depth 
should  be  increased  in  the  same 
proportion.  Each  joint  of  the 
Youssoirs  should  be  at  right 
angles  to  a  tangent  to  the  curve 
of  equilibrium  at  the  point 
through  which  it  passes. 
13.  Brick  Arches. — In  building  arches  with  bricks  of  the 
common  shape,  which  are  of  the  same  thickness  throughout 
their  length,  a  difficulty  arises  from  the  thickness  of  the  mor- 
tar joints  at  the  extrados  being  greater  than  at  the  intradoe, 
thus  causing  settlement  and  sometimes  total  failure.  To 
obviate  this  difficulty,  it  is  usual  to  build  brick  arches  in  se- 
parate rings  of  the  thickness  of  half  a  brick,  having  no  con- 
nection with  each  other  beyond  the  adhesion  of  the  mortar 
or  cement,  except  an  occaaonal  course  of  headings  where 
the  joints  of  two  rings  happen  to  coincide.    There  is,  how- 

*  Tilt  diagrftm  ii  slightly  alter«d  from  om  of  the  ffloitrtttloiu  to  ProAaM* 
WmWB  paper  '•  On  the  Conatruction  of  the  Veulta  of  the  Middle  Agee,"  fai  Ikt 
■ftanaeetioiu  of  the  Royal  Inetitute  of  BrlUah  IrchiieeU,  Vol  I.,  Fturt  8. 
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erer,  a  strong  objection  to  this  plan,  viz.,  that,  if  the  cimre 
of  equal  horizontal  thrast  do  not  coincide  with  the  corvature 
of  the  arch,  the  line  of  pressure  will  cross  the  rings,  and 
caase  them  to  separate  from  each  other. 

T3.  The  preferable  plan  will  be,  therefore,  to  bond  the 
brick-work  throughout  the  whole  thickness  of  the  arch,  using 
either  cement  or  hard-setting  mortar,  which  will  render  the 
thickness  of  the  joints  of  comparatively  little  importance. 

Cement,  however,  is  not  so  well  suited  for  this  purpose  as 
the  hard  setting  mortars  made  from  the  Lias  limes,  because 
it  sets  before  the  work  can  "^  completed  ;  and  in  case  of  anj 
settlement,  however  trifling,  taking  place  on  the  striking  of 
the  centres,  the  work  becomes  crippled.  It  is  therefore  pref- 
erable to  use  some  hard  setting  mortar,  which  does  not» 
however,  set  so  quickly  as  cement,  thus  allowing  the  arch  to 
adjust  itself  to  its  load,  or,  in  technical  language,  to  take  iU 
hearifigf  before  the  mortar  becomes  perfectly  hard. 

72.  We  have  in  the  preceding  remarks  considered  an 
equilibrated  arch  as  a  curved  beam,  every  part  of  which  ia 
in  a  state  of  compression  ;  and,  in  an  arch  composed  of  stone 
Tonssoirs,  this  is  practically  the  case. 

We  may,  however,  by  the  employment  of  other  materials, 
as  cast  iron  and  timber,  construct  arches  whose  forms  diiffer 
very  materially  from  their  curves  of  equal  horizontal  thrust 

Thus  the  semicircular  arch  ("fig.  21,)  which,  if  built  of 
stone  voussoirs  small  in  proportion  to  the  span  of  the  arch, 
would  fall  by  the  opening  of  the  joints  at  a  and  5,  might  be 
safely  constructed  with  cast-uron  ribs,  with  the  joints  placed 
at  c  and  ^,  the  metal  at  the  points  a  and  b  being  exposed  to 
a  cross-strain  precisely  similar  to  that  of  a  horizontal  beam 
loaded  in  the  centre. 

73  Laminated  arched  beams,  formed  of  planks  bent 
round  a  mould  to  the  required  curve  and  bolted  together, 
have  been  extensively  used  in  railway  bridges  of  large  span 
during  the  last  ten  years,  and  from  their  comparative  elasti- 
city, and  the  resistance  they  offer  to  both  tension  and  com 
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pression,  are  very  well  adapted  to  strnctnres  of  this  kind, 
which  have  to  sustain  very  heavy  loads  passing  with  gpreat 
rapidity  over  them. 

It  is  to  be  regretted,  however,  that  the  perishable  nature 
of  the  material  does  not  warrant  their  long  duration,  not- 
withstanding every  precaution  that  can  be  taken  for  the 
preservation  of  the  timber. 

74.  Skew  Arches, — In  ordinary  cases  the  plan  of  an  arch 
Is  rectangular,  the  faces  of  the  abutments  being  at  right 
angles  to  the  fronts  ;  but  of  late  years  the  necessity  which 
has  arisen  on  railway  works  of  carrying  communications 
across  ea^h  other  without  regard  to  the  angle  of  their  inter- 
section, has  led  to  the  construction  of  oblique  or  skew 
arches. 

75.  In  an  ordinary  rectangular  arch  each  coarse  is  parallel 
to  the  abutments,  and  the  inclination  of  any  bed  joint  with 
the  horizon  will  be  the  same  at  every  part  of  it.  In  a  skew 
arch  it  is  not  possible  to  lay  the  courses  parallel  to  the  abut- 
ments, for,  were  this  done,  the  thrust  being  at  right  angles 
to  the  dhrection  of  the  courses,  a  great  portion  of  the  arch 
.on  each  side  would  have  nothing  to  keep  it  from  falling.  In 
order  to  bring  the  thrust  into  the  right  direction,  the  courses 
must  therefore  be  laid  as  nearly  as  possible  at  right  angles 
to  the  fronts  of  the  arch  (see  fig.  23,)  and  at  an  angle  with 

the  abutments ;    and  it  is 
*'•  this  which  produces  the  pe- 

ouliarity  of  the  skew  arch. 
The  two  ends  of  any  course 
will  then  be  at  different 
heights,  and  the  inclination 
of  each  bed  joint  with  the  horizon  will  increase  from 
the  springing  to  the  crown,  causing  the  beds  to  be  winding 
surfaces  instead  of  a  series  of  planes,  as  in  a  rectangular 
arch.  The  variation  in  the  inclination  of  the  bed  joints 
is  called  the  twisC  of  the  beds,  and  leads  to  many  diffi- 
cult problems  in  stonen^utting,  the  consideration  of  which 
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would  be  niuaited  to  the  elementary  character  of  this  little 
work. 

76.  Centervng. — ^The  ctrUering  of  an  arch  is  the  temporary 
framework  which  supports  it  daring  its  erection,  and  is 
formed  of  a  namber  of  ribs  or  centres,  on  which  are  placed  the 
planks  or  laggings  on  which  the  work  is  boilt. 

17.  In  designing  centres,  there  are  three  essential  points 
to  be  kept  in  yiew.  Ist,  that  there  should  be  snffident 
strength  to  prevent  any  settlement  or  change  of  form  during 
the  erection  of  the  arch.  2d,  that  means  should  be  pro- 
Tided  for  easing  or  lowering  the  centre  gradually  frwii 
under  any  part  of  the  arch.  3d,  that,  as  the  con- 
struction of  centres  generally  involyes  the  use  of  a  large 
quantity  of  timber  merely  for  a  t^nporary  purpose,  all 
unnecessary  iigury  to  it  should  be  avoided,  in  order  that 
its  value  for  subsequent  use  may  be  as  little  diminished  as 
possible. 

78.  Where  the  circumstances  of  the  ease  do  not  admit  of 
piles  or  other  supports  bang  placed  between  the  piers,  it 
becomes  necessary  to  construct  a  trussed  framing  resting  on 
the  piers,  and  of  sufficient  strength  to  support  the  weight  of 
the  arck  The  tendency  of  this  form  of  centre  to  rise  at  the 
crown,  from  the  great  pressure  thrown  upon  the  haunches 
during  the  erection  of  the  arch,  renders  it  necessary  to 
weight  the  crowns  with  blocks  of  stone  until  it  is  nearly  com- 
pleted. Centres  of  this  kind  are  always  costly,  and  afford 
little  facilities  for  easing. 

79.  AlndmeTUs, — ^The  tendency  of  any  arch  to  overturn  its 
abutments,  or  to  destroy  them  by  causing  the  courses  to 
slide  over  each  other,  may  be  counteracted  in  three  ways. 
1st,  the  arch  may  be  continued  through  the  abutment  imlil 
it  rests  on  solid  foundation,  as  in  fig.  24.  2d,  by  building 
the  abutments  so  as  to  form  a  horizontal  arch,  the  thrust 
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being  thrown   on   the    wing  walls,   which    act   as    ba^ 
tresses  (fig.  24.)      8d,  where  neither  of  these  expedients 

Fig.  26. 


is  practicable,  by  joggling  the  courses  together  with 
bed-dowel  joggles,  so  as  to  render  the  whole  abutment 
one  solid  mass. 

80.  Wing  TTfl^.— Where  the  wing  walls  of  a  bridge  are 
built  as  shown  in  fig.  26,  the  pressure  of  the  earth  win 
always  have  a  tendency  to  fracture  them  at  their  junction 
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vith  the  abatments,  as  shown  by  the  lines  ab^ed.  Equal 
strength  with  the  same  amount  of  material  will  be  obtamed 
by  building  a  number  of  thin  longitudinal  and  cross  walls,  as 
shown  in  fig.  27,  by  which  means,  the  earth  being  kept  from 

Fig.  27. 


the  back  of  the  walls,  there  is  no  tendency  to  failure  of  tins 
kind. 

81.  Vaulting, — ^The  ordinary  forms  of  raultfl  may  be 
classed  under  three  heads,  viz.,  cylindrical^  arced,  t^nd  grained 

A  cylindrical  vault  is  simply  a  semicircular  arch,  the  ends 
of  which  are  closed  by  upright  walls,  as  shown  in  fig.  28. 
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Wben  a  yanlt  springs  from  all  the  sides  of  its  pko,  as  in  fig. 
29,  it  is  said  to  be  ct/ctd,    Wlien  two  cylindrical  vanlts  in- 


Fig.  28. 


Fig.  29. 


tersect  each  other,  as  in  fig.  30,  the  intersecticHis  of  th» 
ranlting  surfaces  are  called  ^(ww,  and  the  vault  is  said  to 
h^groimd, 

82.  In  the  Roman  style  of  architecture,  and  in  all  common 
yaulting,  the  vaalted  surfaces  of  the  several  compartments 
are  portions  of  a  continuous  cylindrical  surface,  and  the  pro- 
file of  a  groin  is  simply  an  oblique  section  of  a  semi-cylinder. 

83.  Oothic  ribbed  vaulting  is,  however,  constructed  on  a 
totally  different  principle.  It  consists  of  a  framework  of 
light  stone  ribs  supporting  thin  panels,  whence  this  mode  of 
construction  has  obtained  the  name  of  rib  amd  pannd  vault- 
ing. The  curvature  of  the  diagonal  ribs  or  cross  springers, 
and  of  the  intermediate  ribs,  is  not  governed  in  any  way  by 
the  form  of  the  transverse  section  of  the  vault,  and  in  ihis 
consists  the  peculiarity  of  ribbed  vaulting.  This  will  be  un- 
derstood by  a  comparison  of  figs.  30  and  31. 


Fig.  30. 


Fig.  31. 


Roman  Tanltiag. 
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84.  Domes  are  vaults  on  a  circular  plan.  The  equili- 
brium of  a  dome  depends  on  the  same  conditions  as  that  of  a 
eommon  arch,  but  with  this  difierence,  that,  although  a 
dome  may  give  way  by  the  weight  of  the  crown  forcing  out 
the  haunches,  failure  by  the  weight  of  the  haunches  squeez- 
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ing  iq>  the  crown  is  impossible,  on  aoooont  of  the  siqiportthe 
Yonssoin  of  each  coarse  receiye  from  each  other. 

lUSONSY — ^BRICKWORK — BOND. 

85.  The  term  masonry  is  sometimes  applied  generally  to 
all  cemented  constructions,  whether  boilt  of  brick  or  stone ; 
but  generally  the  use  of  the  term  is  confined  ezclosiyely  to 
stone-work. 

86.  There  are  many  kinds  of  masonry,  each  of  which  is 
known  by  some  technical  term  ezpressire  of  the  manner  in 
which  the  stone  is  worked;  bat  they  may  all  be  dirided  un- 
der three  heads. 

1st.  Babble  work  (fig.  32,)  in  which  the  stones  are 
used  without  being  squared. 

2nd.  Coursed  work  (fig.  83,)  in  which  the  stones  are 
squared,  more  or  less,  sorted  into  sizes,  and  ranged  in 
courses. 


JRg.  32. 


Fig.  33. 


Fig.  34. 


k 


8d.  Ashlar  work*  (fig.  34),  m  which  each  stone  is 
squared  and  dressed  to  given  dimensions. 

87.  Different  kinds  of  masonry  are  often  united.  Thus  a 
wall  may  be  built  with  ashlar  facing  and  rabble  backing  ; 
and  there  are  many  gradations  from  one  class  of  masonry  to 
another,  as  coursed  rubble^  which  is  an  intermediate  step 
between  rubble  work  and  coursed  work. 

88.  In  aslilar  masonry,   the    stability  of   the  work  to 


•  b  London,  the  term  "  MlUor'*  Is  oommon^  aiipUod  to  a  tbio  CMsing  of  ftom 
p]oeo4  in  fhmt  of  briokwork. 
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^dependent,  ib  ordinary  cases,  of  the  adhesion  of  the  mortar. 
Bobble  work,  on  the  contrary,  depends  for  8upp<^  in  a  great 
measore  upon  it. 

89.  In  dressing  the  beds  of  ashbir  work,  care  most  be 
taken  not  to  work  them  hollow,  so  as  to  throw  the  pressore 
upon  the  edges  of  the  stones,  as  this  leads  to  unsightly 
firactnresy  asbb,  fig.  34. 

90.  Where  there  is  a  tendency  of  the  courses  to  slide  oa 
each  other  from  any  lateral  pressure,  it  may  be  prerentedby 
bed-dowel  joggles,  as  shown  at  a  a,  fig  34. 

91.  Where  the  facing  and  the  backing  of  a  wall  do  not 
contain  the  same  number  of  courses,  as  in  the  case  of  a 
brick  wall  with  stone  facings  (fig.  35)  the  work  will  be 
liable  to  settle  on  the  inside,  as  shown  by  the  dotted  lines, 
from  the  greater  number  of  mortar  joints.  The  only  way 
of  preventing  this  is  to  set  the  backmg  in  cement,  or  some 
hard  and  quick-setting  mortar. 

Fig,  36. 

92.  In  facing  brickwork  with  stone  aahlar, 
the  stones  should  be  all  truly  squared,  and 
worked  to  sizes  that  will  bond  with  the  brick- 
work. If  this  be  neglected,  there  will  be  numer- 
ous yacuities  in  the  thickness  of  the  wall  Csee 
fig*  9^)>  &Q<1  ^^e  facing  and  backing  will  have 
a  tendency  to  separate. 

93.  Bond,  in  masonry,  consists  in  the  placing 
of  the  stones  in  such  relatiye  positions  that  no 

joint  in  any  course  shall  be  in  the  same  plane  with  any  other 
joint  in  the  course  immediately  above  or  below  it.  This  is 
called  breaking  joint, 

94.  Stones  placed  lengthwise  in  any  work  are  called 
streichersj  and  those    placed  in  a  contrary  direction  aie 
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caDed  headers,  Wh^i  a  header  eztendf 
throughoat  the  whole  thickness  of  a  wall, 
it  is  called  a  through. 

95.  There  are  two  kinds  of  bond  made 
nse  of  by  bricklayers,  called  respectively 
English  bond  and  Flemish  bond.  In  the 
first  the  courses  are  laid  alternately  with 
headers  and  stretches  ("fig.  36j  ;  in  the 
second,  the  headers  and  stretchers  alto*- 
nate  in  the  same  coarse  (fig.  37^.  This 
is  considered  to  have  the  neatest  appear- 
ance :  bat,  as  the  nnmber  of  headers  re- 
qaired  is  fewer  than  in  English  bond, 
there  is  not  so  mich  lateral  tie,  and  on 
this  accoant  it  is  considered  to  be  mach  inferior  to  it  in 
strength.  A  common  practice,  which  cannot  be  too  mnch 
reprobated,  is  that  of  baildiDg  brick  walls  with  two  qaalities 
of  bricks,  without  any  bond  between  them,  the  headers  of 
the  facing  bricks  being  cut  in  two  to  save  the  better  material, 
thus  leaving  an  upright  joint  between  the  facing  and  back- 
ing. 

95.  In  building  upright  walls,  which  have  to  sustain  a 
vertical  pressure,  three  leading  principles  must  be  kept  in 
Tiew. 

1.  Uniformity  of   construction  throughout  the  whole 
thickness. 

2.  The  bonding  of  the  work  together. 
8.  The  proper  distribution  of  the  load. 

96.  Unifomnhfof  Constmdion. — ^We  have  already  spoken 
of  the  danger  arising  from  the  backing  of  a  wall  containing 
more  compressible  material  than  the  facing  ;  but  it  cannot 
be  too  often  repeated,  that  ii)  all  building  operations  it  is  not 
the  amountf  but  irregularity  of  settlement  which  is  so  danger- 
ous. Thus  a  rubble  wall,  with  proper  care,  may  be  carried 
up  to  a  great  height,  and  bear  safely  the  weight  of  the  floors 
and  roof  of  a  large  building,  whilst  a  wall  built  of  bricks 
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and  mortar,  and  fietced  with  dressed  ashlar,  will,  under  similar 
drcomstances,  be  fractured  from  top  to  bottom,  from  the 
difference  in  settlement  of  the  facing  and  backing. 

It  is  a  common  bnt  vicious  practice  to  build  the  ends  of 
joists  and  oth^  timbers  into  the  walls,  and  to  rest  the 
faperincmnbent  work  upon  them.  This  is  liable  to  lead  tc 
settlements  from  the  shrinking  of  the  timber,  and  should 
always  be  guarded  against  by  leaving  proper  recesses  for  the 
«nds  of  the  timbers,  so  that  the  strength  of  the  masonry  or 
brick-work  shall  be  quite  independent  of  any  support  from 
them. 

97.  Bond. — In  addition  to  the  bonding  together  of  the 
materials  above  described,  a  further  security  against  irregular 
settlement  is  usually  provided  for  brick  walls,  in  the  shape 
of  ties  of  timber,  called  boTid^  which  are  cut  of  the  depth 
and  thickness  of  a  brick,  and  built  into  the  work. 
There  is,  however,  a  great  objection  to  the  use  of  timber 
iu  the  construction  of  a  wall,  as  it  shruiks  away  from 
the  rest  of  the  work,  and  often  endangers  its  stability  by 
rotting. 

98.  Instead  of  bond  timbers,  hoop-iron  bond  is  now 
very  generally  used.  This  is  formed  of  iron  hooping, 
tarred,  to  protect  the  iron  from  contact  with  the 
mortar,  and  laid  in  the  thickness  of  the  mortar  joints. 
This  forms  a  very  perfect  longitudinal  tie,  and  has  all 
the  advantages,  with  none  of  the  disadvantages,  of  bond 
timbers. 

99.  Distribution  of  the  Load, — ^It  is  always  advisable, 
when  a  heavy  load  has  to  be  supported  on  a  few  points,  as 
in  the  case  of  a  larger  floor  resting  on  girders,  to  bring  the 
weight  as  nearly  as  possible  on  the  centre  of  the  wall,  and 
to  distribute  it  over  a  large  bearing  surface,  by  stone  bond 
ing  through  its  whole  thickness  ;  this  arrangement  is  shown 
in  figures  38  and  89. 
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Fig,  88. 


Fig.n. 
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100.  It  is  of  importance  in  defllgning  buildings  to  amuigs 
ttie  apertaree  for  doors,  windows,  &c.,  in  the  different  flocHn, 
so  that  openings  shall  be  over  openings,  and  piers  over  piers ; 
if  this  be  not  attended  to,  it  is  scarcely  possible  to  prerent 
settlements.  In  addition  to  this,  as  the  pressure  on  the 
foundations  will  be  greatest  under  the  piers,  it  is  desirable  to 
connect  these  with  inverted  arches,  bj  which  means  the 
weight  is  distributed  equally  over  the  whole  surface  of  the 
foundations. 

101.  All  openings  in  walls  for  doors,  windows,  gate-ways, 
&c.,  should  be  arched  over  throughout  the  whole  thickness 
of  the  walls  in  which  they  occur  ;  and  wooden  lintels  and 
bressummers  should  only  be  introduced  as  ties  to  counteract 
the  thrust  of  the  arches,  and  as  attachments  for  the  internal 
finishings. 

102.  Bressummers  of  cast  iron  are  often  used  for  sapport- 
ing  the  walls  of  houses  over  large  openings,  as  in  the  case 
of  shop  fronts ;  but  they  hare  the  disadrantage  of  being 
liable  to  be  cracked,  in  case  of  fire,  if  water  is  thrown  on 
them  whilst  in  a  heated  state,  which  renders  their  use  rery 
objectionable,  as  no  dependence  can  be  placed  upon  them 
after  having  been  suddenly  cooled  in  this  manner,  even  if 
they  do  not  actually  break  at  the  time. 

PABTrriONS. 

103.  The  partitions  forming  the  interior  divisions  of  • 
building  may  be  either  solid  walling  of  brick  or  stone,  or 
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tliej  maj  be  conatnicted  entirely  of  timber,  or  they  nu^^  be 
frames  of  timber  ^Ued  in  with  masonry  or  brick-work. 

It  will  always  be  best,  both  for  durability  and  security 
against  fire,  to  make  the  partitions  of  solid  widling ;  but 
this  is  not  always  practicabte,  and,  in  the  erection  of  dweBing 
houses,  they  are  for  the  most  part  made  of  timber. 

The  principles  to  be  kept  in  view  in  the  construction  of 
framed  timber  partitions  are  yery  simple.  Care  must  be 
taken  to  avoid  any  settlement  from  cross  strain,  and  they 
diomld  not  in  any  way  depend  for  support  upon  subordinate 
parts  of  the  construction,  but  should  form  a  portion  of  the  main 

Fig.  40. 
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carcase  of  the  building,  and  be  quite  independent  of  the  floors, 
which  should  not  support,  but  should  be  supported  by  them. 
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When  ft  pwtitioii  ezt«9£l0  throngli  two  or  more  itoriea  of  ] 
a  building,  it  shoold  be  as  much  as  possible  a  contimioqs 
laece  of  firaming,  with  strong  sills  at  proper  heights  to  sup- 
^t  the  floor  joists. 

Where  openings  occur,  as  for  folding  do<»B,  or  where  a 
partition  rests  on  the  ends  of  the  sill  only,  it  should  be 
strongly  trussed,  so  that  it  is  as  incapable  of  settlement  as 
the  walls  themselves.  From  want  of  attention  to  thest 
points,  we  frequently  see  in  dwelling4iouses  floors  which  have 
sunk  into  curred  lines,  doors  out  of  square,  cracked  ceilings 
and  lnt>ken  cornices,  and  gutters  that  only  serve  to  conduct 
the  roof  water  to  the  interior  of  the  building,  to  the  ii^ury 
of  ceilings  and  walls,  and  the  great  discomfort  of  its  inmates. 
The  above  remarks  will  be  better  understood  by  a  study  of 
fig.  40,  which  is  an  example  of  a  framed  partition  extending 
through  three  stories  of  a  dwelUng  house. 


FLOORS. 

104.  The  assemblage  of  timbers  forming  any  naked  JUwr- 
ing  may  be  either  single  or  double.  Single  flooring  is  formed 
with  joists  reaching  from  wall  to  wall,  where  they  rest  on 
plaies  of  timber  built  into  the  brick-work,  as  in  fig.  41.  The 
floor  boards  are  nailed  over  the  upper  edges  of  the  joists. 

Fig.  41. 


whose  lower  edges  receive  the  lathing  and  plastering  of  the 
ceilings.  Doable  floors  are  constructed  with  stoat  binding 
jaiHs,  a  few  feet  apart,  reaching  from  wall  to  wall,  and  sup 
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portfaigmlN^  /oiffo which  carry  the  ceiling;* and M4fMy 
jmt$^  on  which  are  nailed  the  floor  boards  ('fig.  42.) 

Fig.  42. 


DoublA  flooriay. 


In  d/oMb-frcamtd  flooring,  the  binders,  instead  of  resting 
in  the  walls,  are  supported  on  girders,  as  shown  in  fig.  43. 
Single  flooring  is,  in  many  respects,  inferior  to  doable  floor 

Fig.  43. 


Doablt-ftmiiMd  flooring. 

ing,  being  liable  to  sag,  or  deflect,  so  as  to  make  the  floor 
concaye  ;  and  the  vibration  of  the  joists  occasions  injarj  to 
the  ceilings,  and  also  shakes  the  walls.  In  doable  flooring 
the  stiffness  of  the  binder&and  girders  prevents  both  deflection 
and  vibration,  and  t^e  floors  and  ceiliogs  hdd  ihdr  Urns,  that  is, 
retain  their  intended  form  mnch  better  than  in  single  flooring. 
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106.  The  Joists  in  snagle  floor  u«  usually  laid  on  a  plalo 
Iniflt  into  the  wall,  as  riiown  in  fig.  41  ;  it  is,  hower^r,  pre- 
ferable to  rest  the  plate  on  projecting  corbels,  which  prerents 
the  wall  being  crippled  in  any  way,  by  the  insertion  of  the 
joists.  The  plates  of  basement  floors  are  best  supported  on 
small  piers  carried  up  from  the  footings.  This  is  an  impor- 
tant point  to  be  attended  to,  as  the  introdnction  of  timber 
into  a  wall  is  nowhere  likely  to  be  producUre  of  such  in- 
jnrioos  effects  as  at  the  foondations,  where,  from  damp  and 
imperfect  ventilation,  all  wood-work  is  liable  to  speedy 
decay. 

The  ends  of  all  girders  shonld  rest  in  recesses,  formed  as 
shown  in  figs.  38  and  39,  and  with  a  space  for  the  free  cir- 
cnlation  of  air  round  the  timber,  which  is  one  of  the  best 
prerentiyes  of  decay. 

The  manner  in  which  ceiling  joists  and  bridging  joists 
are  framed  to  the  binders,  and  these  latter  tenoned  into  the 
girders,  is  shown  in  figs.  44,  45,  46,  and  47. 


Fig.iA. 


Fig.  45. 


Fig.  46. 


Fig.  47. 


FotifTirnti ^ 

«  a,  bridging  JoUta  ;  b  b,  oetliag  Joliti ;  e,  glrd«r 

106.  Fire-proof  floors  are  osaally  constructed  with  iron 
girders  a  short  distance  apart,  which  serre  as  abutments  for 
a  series  of  brick  arches,  on  which  either  a  wooden  or  plaster 
floor  may  be  hdd  (see  fig.  48). 
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10*r.  Of  late  years  many  terraces  and  flat  roofs  have  been 
constmcted  with  two  or  more  courses  of  plain  tiles,  set  In 
cement,  and  breaking  joint  with  each  other,  sopported  at 
short  intenrals  by  cast-iron  bearers,  as  shown  in  fig.  49. 

Fig.  49. 


This  mode  of  construction,  although  appearing  very  slight, 
possesses  great  strength,  and  is  now  very  much  used  in  and 
about  London,  and  in  some  portions  of  the  United  States. 
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108.  In  roofe  of  the  ordinary  construction,  the  roof  cover* 
ing  is  laid  upon  rafters  supported  by  horizontal  purHm,  which 
rest  on  upright  trusses  or  frames  of  timber,  placed  on  the 
walls  at  regular  distances  from  each  other.  Upon  the 
framing  of  the  trusses  depends  the  stability  of  the  roof,  the 
arrangement  of  the  rafters  and  purlins  being  subordinate 
matters  of  detail.  The  timbering  of  a  roof  may  be  compared 
to  that  of  a  double-framed  floor,  the  trusses  of  the  former 
corresponding  to  the  girders  of  the  latter,  the  purlins  to  the 
binders,  and  the  rafters  to  the  joists. 

Timber  roofs  may  be  divided  under  two  heads — 

1st.  Those  which  exert  merely  a  vertical  pressure  on  tho 
walls  on  which  they  rest. 

2d.  Those  in  which  advantage  is  taken  of  the  strength  of 
the  walls  to  resist  a  side  thrust,  as  in  many  of  the  Gothic 
open  timbered  roofs. 


I4i  BCDimxra  or  m 

109.  Tr%mdEoofs,€xertnigw  Si4k7%rusi4miktWan$. 
— ^Inroofoof  this  kind  each  tnusconflsts  essentially  of  a  pair 
of  principal  rafters  or  prmdpaU,  and  a  horizontal  tie  beam^ 
and  in  large  roofs  these  are  connected  and  strengthened  hj 
hug  amd  quetn  posts  and  struts  (see  figs.  51.  and  52). 

Fig.  50  shows  a  rery  ample  trass  in  which  the  tie  is  aboTa 
the  bottom  of  the  feet  of  the  principals,  which  is  often  done 


in  small  roo&  for  the  sake  of  obtaining  height.  The  tie  in 
this  case  is  called  a  cdkur.  The  feet  of  both  common  and 
principal  rafters  rest  on  a  toall  plate.  The  pnrlins  rest  on 
the  collar,  and  the  common  rafters  bnt  against  a  ridge  ran* 
ning  along  the  top  of  the  roof.  This  kind  of  trass  is  only 
suited  to  yery  small  spans,  as  there  is  a  cross  strain  on  that 
part  of  the  principals  below  the  collar,  which  is  rendered 
harmless  in  a  small  span  by  the  extra  strength  of  the  princi- 
pals,  bat  which  in  a  large  one  would  be  very  likely  to  throst 
oat  the  walls. 

110.  In  roofs  of  larger  span  the  tie  beam  is  placed  below 
the  feet  of  the  principals,  which  are  tenoned  into,  and  bolted 
to  it.  To  keep  the  beam  from  sagging,  or  bending  by  its 
own  weight,  it  is  suspended  from  the  head  of  the  principals 
by  a  king  post  of  wood  or  iron.  The  lower  part  of  the  king 
post  affords  abutments  for  struts  supporting  the  principals 
Immediately  under  the  purlins,  so  that  no  cross  strain  is  ex- 
erted on  any  of  the  timbers  in  the  truss,  but  they  all  act  in 
the  direction  of  their  length,  the  principals  and  struts  being 
subjected  to  compression,  and  the  king  post  and  tie  beam  to 
tension.    Pig.  51  shows  a  sketch  of  a  king  truss.    The  com- 
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mon  rafters  bnt  on  a  pokplaU,  the  tie  beams  resting  either 
on  a  continnoas  pkte,  or  on  short  templates  of  wood  or 
stone. 

111.  Where  the  span  is  considerable,  the  tie  beam  is  sup- 
ported at  additional  points  by  suspension  pieces  called  qneen 
posts  (fig.  52),  from  the  bottom  of  which  spring  additional 

Fig*  52. 


stmts ;  and,  bj  extending  this  principle  ad  infinUum,  we 
might  construct  a  roof  of  any  span,  were  it  not  that  a  prac- 
tical limit  is  imposed  by  the  nature  of  the  materials.  Some- 
times roofs  are  constracted  without  king  posts,  the  queen 
posts  being  kept  apart  by  a  straining  piece.  This  construc- 
tion is  shown  in  fig.  63,  which  shows  the  design  of  the  old 
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roof  (iM>w  destroyed)  of  the  church  of  St.  Paul,  outside  tiia 
walk,  at  Rome.  This  truss  is  interesting  firom  its  early  date, 
haying  been  erected  abont  400  years  ago ;  the  tmssee  are  in 
pairs,  a  king  post  being  keyed  in  between  each  pair  to  si:^ 
port  the  tie  beams  in  the  centre. 

112.  Of  late  years  iron  has  been  much  nsed  as  a  material 
for  the  trusses  of  roofs,  the  tie  beams  and  suspending  pieces 
being  formed  of  light  rods,  and  the  principals  and  struts  of 
rolled  T  or  angle  iron,  to  which  sockets  are  rireted  to  receiye 
the  purlins. 

PVg.54 


113.  The  largest  roof  ever  executed  in  one  span  is  that 
of  the  Imperial  Riding  House  at  Moscow,  built  in  ItOO,  of 
which  the  span  is  235  ft.  (fig.  54).    The  principal  feature  io 
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dds  loof  iei  an  arched  beam,  the  enda  of  which  are  kept  from 
spreading  by  a  tie  beam,  the  two  being  firmly  connected  by 
snspension  pieces  and  diagonal  braces :  the  arched  beam 
(fig.  55).  is  formed  of  three  thicknesses  of  timber,  notched 

Fig,  55. 


oat  to  prevent  their  sliding  on  each  other, — a  method  which 
is  objectionable  on  account  of  the  danger  of  the  splitting  of 
the  timber  nnder  a  considerable  strain. 

114.  The  principle  of  the  how  suspension  truss,  as  this  sys- 
tem of  trussing  is  called,  has  been  much  used  within  the  last 
ten  years  for  railway  bridges  aud  similar  works.  One  of  the 
best  executed  works  of  this  kind  is  a  bridge  over  the  River 
Ouse,  near  Downham  Market,  in  Norfolk,  on  the  line  of  the 
Lynn  and  Ely  Railway,  the  trusses  of  which  are  150  ft. 
span. 

115.  Roofs  on  tke  principle  of  the  Arch. — In  the  16th  cen- 
tury, Philibert  de  Lorme,  a  celebrated  French  architect, 
published  a  work,  in  which  he  proposed  to  construct  roofs 
and  domes  with  a  series  of  arched  timber  ribs  in  place  of 
trusses,  these  ribs  being  formed  of  planks  in  short  lengths, 
placed  edgewise,  and  bolted  together  in  thicknesses,  breaking 
joint  ("fig.  56).  This  mode  of  construction  has  been  more 
or  less  used  ever  since  the  time  of  its  author.  An  instance 
of  its  successful  application  on  a  large  scale  was  the  original 
dome  of  the  Halle  au  Ble,  at  Paris,  120  ft.  in  diameter,  built 
by  Messrs.  Legrand  and  Molino.    This  roof  has  since  been 


Fig,  56. 


replaced  by  an  iron  one,  the  original  dome  having  been  de- 
stroyed by  fire. 
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116.  There  are,  howeyer,  some  great  disadTantageB,  oob* 
nected  with  this  Bystem.  There  is  considerable  waste  of 
material ;  the  labor  is  great  as  compared  with  roofs  of  simi- 
lar q)aQ  of  the  ordinary  constniction ;  and,  as  the  chief 
strength  of  the  rib  depends  opon  the  lateral  cohesion  of  the 
fibres  of  the  wood,  it  is  necessary  to  provide  sach  an  amount 
of  snrplns  strength  as  shall  insore  it  against  the  greatest 
cross  strain  to  which  it  can  be  exposed  from  violent  winds 
or  otherwise. 

111.  Struck  by  these  disadvantages,  Colonel  Emy,  a 
French  military  engineer,  proposed,  in  1811,  an  improve- 
ment on  the  system  of  Philibert  de  Lorme,  which  was  pre- 
cisely the  laminated  arched  rib  so  much  in  use  at  the  present 
day.  It  was  not  until  1825  that  he  obtained  permission  to 
put  his  design  into  execution  in  the  erection  of  a  large  roof 
65  ft.  span  at  Marac,  near  Bayonne  (fig.  57  j.    The  ribs  in 
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tfaii  roof  are  formed  of  pknks  bent  round  on  templets  to  the 
proper  curye,  and  kept  from  separating  by  iron  straps,  and 
also  by  the  radiating  stmts  which  are  in  pairs^  notched  out 
so  as  to  clip  the  rib  between  them. 

The  principle  of  the  roof  is  exceedingly  good.  The  prin* 
cipals,  wall-posts,  and  arched  rib,  form  two  triangles,  firmly 
braced  together,  and  exerting  no  thrust  on  the  walls  ;  and 
the  weight  of  the  whole  roof  being  thrown  on  the  walls  at 
the  feet  of  the  ribs,  and  not  at  the  pole  plate,  the  walls  are 
not  tried  by  the  action  of  a  heavy  roof,  and  the  conseqaent 
saring  in  masonry  is  very  great. 

The  great  difference  in  princi[^e  between  the  arched  rib 
of  Philibert  de  Lorme,  and  the  laminated  rib  of  Colonel  Emy 
is,  that  in  the  latter  the  direction  of  the  fibre  of  the  wood 
coincides  with  the  cnrrature  of  the  rib  ;  and,  as  a  conse- 
qaence  of  this,  the  Joints  are  mnch  fewer  ;  the  rib  possesses 
considerable  elasticity,  so  as  slightly  to  yield  rather  than 
break  under  any  yiolent  strain  ;  and,  from  the  manner  in 
which  the  planks  are  bolted  together,  it  is  impossible  for  the 
rib  to  give  way,  unless  the  force  applied  be  suifident  to  crush 
the  fibres. 

The  principle  of  the  laminated  arched  rib  has  been  exten- 
siTely  used  in  the  erection  of  railway  bridges  in  England. 

118.  Gothic  Roofs. — ^The  open  timber  roofs  of  the  middle 
ages  come,  for  the  most  part,  under  the  second  class,  viz., 
those  which  exert  more  or  less  thrust  upon  the  walls,  al* 
though  there  are  many  fine  examples  in  which  this  is  not  the 
case. 

We  propose  to  describe  the  principal  varieties  of  these 
roofs,  without  reference  either  to  their  decorative  details,  or 
to  their  chronological  arrangement,  our  object  here  being 
simply  to  explain  the  principles  on  which  they  were  con- 
structed. 

119.  Fig.  58,  which  is  a  section  of  the  parish  church  of 
Chaldon,  near  Merstham  in  Surrey,  shows  a  system  of  roof- 
ing formerly  very  common.    This  may  be  compared  to  single 
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Fig.  69. 


flooring,  as  there  are  no  principals,  purlins,  or  eyen  ridge. 
It  is  a  defective  form  of  roof,  as  the  rafters  have  a  tendency 
to  spread  and  thrust  oat  the  walls.  In  the 
example  before  ns,  this  effect  has  been  pre- 
vented by  the  insertion  of  tie-beams,  from 
which  the  collars  have  been  propped  up  (fig. 
59),  thns,  In  fact,  balancing  the  roof  on  the 
centres  of  the  collars,  which  are  in  conse- 
quence violently  strained. 

120.  After  the  introduction  of  the  four 
centered  arch,  a  great  many  church  roofs  of 
the  construction  just  described  were  altered,  as  shown  by 
the  dotted  lines  in  fig.  60,  in  order  to  obtain  more  light  by 

the  introduction  of  clerestory 
windows  over  the  nave  arches. 
The  flat  roofs,  which  superseded 
the  former  ones,  were  often 
formed  without  any  truss  what- 
ever, being  simply  an  arrange- 
ment of  main  beams,  purlins, 
and  rafters,  precisely  similar  to 
a  double-framed  floor,  with  the 
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Fig.  6L 


difference  onlj  that  the  main  beam^,  instead  of  being  per- 
fectly straight,  were  nsnally  cut  oat  of  crooked  timber  so  as 
to  divide  the  roof  into  two  inclined  planes. 

To  throw  the  weight  of  the  roof  as  low  down  as  possible, 
the  ends  of  the  main  beams  are  often  supported  on  apright 
posts  placed  against  the  walls  and  resting 
on  projecting  corbels,  the  wall  posts  and 
beams  being  connected  by  stmts  in  such 
a  way  that  deflection  in  the  centre  of  the 
beam  cannot  take  place,  unless  the  load 
be  suflBcient  to  force  out  the  walls,  as 
shown  by  the  dotted  lines  in  fig.  61 
The  struts  are  often  cut  out  of  stout  plank,  forming  solid 
spandrils,  the  edges  of  which  are  moulded  to  suit  the  profile 
of  the  main  beam  (see  fig.  62  j,  which  also  shows  the  man- 
Fig.  62. 


ner  of  securing  the  struts  to  the  wall  posts  and  to  the  beam 
with  toftgues  and  wooden  pins. 

121.  Fig.  63  exhibits  a  Construction  often  to  be  met  with, 
which,  in  general  appearance,  resembles  a  trussed  king  post 
roof,  but  which  is  in  reality  very  different,  the  tie  beam 
bring  a  strong  girder  supporting  the  king  po6^>,  which,  in- 
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Fig.  63. 


•tead  of  flerring  to  mispend  the  tie4)6am  firom  the  princiiMfa^ 
is  a  prop  to  the  latter.  In  this  and  the 
premufl  example,  any  tending  to  deflecticm 
of  the  tie-beam  is  prevented  by  stmts  :  the 
weight  of  the  roof  is  thrown  by  means  of 
wall  posts  considerably  below  the  feet  of 
the  rafters,  so  that  the  weight  of  the  npjper 
part  of  the  wall  is  made  available  to  resist 
the  throst  of  the  stmts. 

122.  The  roofs  we  have  been  describing  are  not  to  be  re- 
commended as  displaying  any  great  amount  of  constmctiTe 
skill.  Indeed,  although  they  answer  very  well  for  small 
spans  with  tunbers  of  large  scantling  and  side  walls  of  snffi- 
,  cient  thickness  to  resist  a  considerable  thrust,  they  are 
totally  unsuited  to  large  spans,  and  are  in  every  way  inferior 
to  trussed  roofs. 

The  above  remarks  do  not  apply  to  the  high  pitched  rooik 
of  the  large  halls  of  the  fifteenth  and  sixteenth  centuries, 
which,  for  the  most  part,  are  trassed  in  a  very  perfect  man- 
ner, so  as  to  exert  no  thmst  upon  the  walls ;  although,  in 
some  instances,  as  at  Westminster  Hall,  they  depend  i^n 
the  latter  for  support. 

The  general  design  of  these  roofs  is  shown  in  figs.  64  and 
Fig  64. 
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65*  The  easential  parts  of  each  truss  are,  a  pair  of  prind- 
pais  connected  by  a  collar  or  vmid  beam,  and  two  hammer 
beams,  witli  queen  posts  over  them,  tlie  whole  forming  three 
triangles,  wliich,  if  not  secured  in  their  relative' positions, 
otherwise  than  by  the  mere  transverse  strength  of  the  prin- 
cipals, would  turn  on  the  points  c  c  (fig.  65  j,  the  weight  of 
the  roof  thrusting  out  the  walls  in  the  manner  shown  in  the 
(gore.    There  are  two  ways  in  which  a  truss  of  this  kind 

Fig.  66. 


may  be  prevented  from  spreading.  Ist,  The  ends  of  the 
hammer  beams  may  be  connected  with  the  collar  by  tension 
pieces,  a  a  (fig.  64),  by  which  the  thrust  on  the  walls  will 
be  converted  into  a  vertical  pressure.  2d,  The  hammer 
beams  may  be  kept  in  their  places  by  struts,  h  b,  the  walls 
being  made  suj£ciently  strong  by  buttresses,  or  otherwise,  to 
resist  the  thrust. 

In  existing  examples,  we  find  sometunes  one  and  some- 
times the  other  of  these  plans  followed  ;  and  occasionally 
both  methods  are  combined  in  such  a  manner  that  it  is  often 
difficult  to  say  what  parts  are  in  a  state  of  compression,  and 
what  are  in  a  state  of  tension. 

123.  The  roof  of  the  great  hall  at  Hampton  Court 
(fig.  66)  is  very  strong,  and  so  securely  tiedy  that  were  the 
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bottom  Btruts,  b  h,  remoyed/ 
there  would  be  little  danger  ci 
m  the  principals  thrusting  oat 
the  walls  ;  and,  on  the  oth«r 
hand,  from  the  weight  of  the 
roof  being  carried  down  to  a 
considerable  distance  below 
the  hammer  beams  by  the  wall 
posts,  the  walls  themselves  of- 
fer 80  much  resistance  to  side 
thmst,  that  there  would  be  no 
injnrioos  strain  on  them  were 
the  tension  pieces,  a  a,  re- 
moved. 

124.  The  construction  of  the 
roof  of  the  hall  at  Eltham 


Palace,  Kent  (fig.  6t),  differs  very  considerably  from  that 


Fig.  67. 


of  tlie  Hampton  Conrt  roof.  The  whole  weight  is  thrown 
on  the  top  of  the  wall,  and  the  bottom  pieces,  b  b,  are  merely 
onuunental,  the  tension  pieces,  a  a,  forming  a  con^)lete  tie. 
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TboB  hfis  heen  shown  bj  a  partial  fiulore  whkli  has  taken 
place.  The  wall  plates  having  become  rotten  in  consequence 
of  the  gutters  being  stripped  of  their  lead,  the  weight  has 
been  thrown  on  the  pseodo  stmts,  which  have  bent  nnder 
tiie  pressure,  and  forced  out  the  upper  portion  of  the  walls. 

125.  The  roof  of  Westminster  Hall  (fig.  68)  is  one  of  the 
finest  examples  now  existing  of  open  timbered  roo&.    The 

Ftg.68. 


peculiar  feature  of  this  roof  is  an  arched  rib  in  three  thidc 
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aeweg,  flometbing  on  the  prindple  of  Fhilibert  de  Lorme ; 
but  it  Is  so  slight,  compared  with  the  great  span,  that  it  is 
probable,  in  designing  the  roof,  the  architect  took  fall  ad- 
rantage  of  the  sapport  afforded  by  the  thickness  of  tiie 
walls  and  the  bnttresses ;  if,  indeed,  the  latter  were  not 
added  at  the  time  the  present  roof  was  erected,  in  1395.  It 
has  been  ascertained  that  the  weight  of  the  roof  rests  on  the 
top  of  the  walls,  the  lower  part  of  the  arched  rib  onlj  serr- 
ing  to  distribate  the  thrust,  and  to  assist  in  prerenting  the 
hammer  beams  from  sliding  on  the  walls. 

126.  The  mediieval  architects  generally  employed  oak  in 
the  construction  of  their  large  roofs,  the  timbers  iieing  mor- 
ticed and  pinned  together,  as  shown  in  fig.  62.  This  system 
of  constmction  is  impossible  in  fir  and  other  soft  woods,  in  - 
which  the  fibres  have  little  lateral  cohesion,  as  the  timber 
would  split  with  the  strain ;  and  therefore,  in  modem  pnM> 
tice,  it  is  usual  to  secure  the  connections  with  iron  straps  or 
bolts  passing  round  or  through  the  whole  thickness  of  the 
timbers. 

BOOF   COYKBINOS. 

127.  The  different  varieties  of  roof  coverings  principally 
used  may  be  classed  under  three  heads :  stone,  wood,  and 
metal. 

Of  the  first  class,  the  best  kind  is  slate,  which  is  used 
eith^  sawn  into  slabs  or  split  into  thin  laminffi.  The  differ- 
ent sizes  of  roofing  slate  in  common  use  are  given  in  the 
description.of  Slaters'  Work. 

In  many  parts  of  England,  thin  slabs  of  stone  are  used  in 
the  same  way  as  roofing  slate.  In  the  Weald  of  Sussex  the 
stone  found  in  the  locality  is  much  used  for  this  purpose,  but 
it  makes  a  heavy  covering,  and  requires  strong  timbers  to 
support  it. 

128.  Hies  are  of  two  kinds  :  plain  tiles,  which  are  quite 
flat ;  and  panHles,  which  are  of  a  carved  shape,  and  lap  over 
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each  other  at  the  sides.  Each  tile  has  a  projeotiiig  ear  <m 
its  upper  edge,  bj  which  it  is  kept  in  its  place.  Sometimes 
plain  tiles  are  pierced  with  two  holes,  through  which  oak 
pins  are  thrust  for  the  same  pnrpose. 

129.  Wooden  corerings  are  little  used  at  the  present  day, 
except  for  temporary  purposes  ;  shingles  of  split  oak  were 
formerly  much  used,  and  may  still  be  seen  on  the  roofs  of 
some  country  chorches.    Cedar  shingles  are  much  nsed. 

180.  Metallic  Coverings, — The  metals  nsed  for  roof  cover- 
ings are  lead,  zinc,  copper,  and  iron. 

181.  Lead  is  one  of  the  most  valuable  materials  for  this 
purpose  on  account  of  its  malleability  and  durability,  the 
action  of  the  atmosphere  having  no  injurious  effect  upon  it. 
Lead  is  used  for  covering  roofs  in  sheets  weighing  from  4  to 
8  lbs.  per  sup.  foot. 

132.  Co}^r  is  used  for  covering  roofs  in  thin  sheets 
weighing  about  16  oz.  per  sup.  foot,  and  from  its  lightness 
and  hardness  has  some  advantages  over  lead  ;  but  the  ex- 
pense of  the  metal  effectually  precludes  its  general  adoption. 

188.  Zinc  has  of  late  years  superseded  both  lead  and 
copper  to  a  considerable  extent  as  roof  coverings.  It  is  used 
in  sheets  weighing  from  12  oz.  to  20  oz.  per  sup.  foot.  It  is 
considered  an  inferior  material  to  those  just  named  ;  but  its 
lightness  and  cheapness  are  great  recommendations,  and  the 
manufacture  has  been  much  improved  since  its  first  introduc- 
tion. 

134.  Cast  iron,  coated  with  zinc  to  preserve  it  from  rust- 
ing, is  now  much  used  in  a  variety  of  forms.  We  have  already 
mentioned  its  adoption  for  covering  the  roofs  of  the  New 
Houses  of  Parliament. 

185.  All  metallic  coverings  are  subject  to  contraction  and 
expansion  with  the  changes  of  the  temperature,  and  great 
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€»9  k  nqnkile  in  joinhig  the  dieets  to  auike  than  bp  otw 
each  other,  so  as  to  make  the  jouitB  water-l^t^  withoot 
prerentiog  the  phij  of  the  metaL 

The  followiiig  table  of  the  conqwratiTe  weightBof  differeat 
roof  coTeriogB  may  be  osefbl : — 

0«tc«m.lkiL 

PLun  tiles,  per  square  of  100  ft  sap.  .  18    0    0 

Pantiles 920 

Slating,  an  arerage 7    0    0 

Lead,  lib.  to  the  sop.  foot  .    .    .    •  6    2   0 

Copper  or  sine,  16  oz.  do 10   0 

SUFPLT  OF  WATKB. 

186.  The  arrangements  for  ^tribnting  a  supply  of  water 
over  the  different  parts  of  a  boilding  will  depend  very 
materially  on  the  nature  of  the  supply,  whether  constant  oi 
intermittent. 

The  most  common  method  of  supply  from  water-works  is 
by  ppes  which  communicate  with  private  cisterns,  hito  whidi 
the  water  is  turned  at  stated  interrals. 

A  dstem,  in  a  dwellmg-hoose,  is  always  more  or  less  an 
evil ;  it  takes  up  a  great  deal  of  space,  costs  a  great  deal  of 
money  in  the  first  instance,  and  often  causes  inconyenience, 
from  leakage,  from  the  bursting  of  the  service  pipes  in  frosty 
weather,  and  from  the  liability  of  the  self-acting  oock  to  get 
out  of  order. 

Fig.  68  shows  the  ordinary  arrangements  of  a  cistern  for 
a  dwelling-house.  The  common  material  for  the  cistern  itself 
is  wood  lined  with  sheet  lead  ;  but  slate  cisterns  have  been 
much  used  of  late.  Large  cisterns  or  tanks  for  the  supply 
of  breweries,  manufactories,  &c.,  are  usually  made  c^  cast- 
iron  plates,  screwed  together  by  means  of  flanges  all  round 
their  edges. 

Ths  service  or  feed  pipe  for  a  cistern,  in  the  case  of  an 
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intermittent  supply,  most  be  snfficientlj  large  to  allow  of 
Fig,  69.  ^^  fining  during  the  time  tbe  water 

is  tamed  on  from  the  mains.  The 
flow  of  water  into  tbe  cistern  is 
regulated  by  a  hall  cock,  so  called 
from  its  being  opened  and  shut  by 
a  lerer,  with  a  copper  ball,  which 
floats  on  the  surface  of  the  water. 

The  service  (Hpes  to  the  different  parts  of  the  building  are 
laid  into  the  bottom  of  the  cistern,  but  should 'not  come 
within  an  inch  of  the  actual  bottom,  in  order  that  the  sedi- 
ment, which  is  always  deposited  in  a  greater  or  less  degree, 
may  not  be  disturbed  :  the  mouth  of  each  pipe  should  be 
covered  by  a  rose,  to  prevent  any  foreign  substances  being 
washed  into  the  pipes  and  choking  the  taps. 

To  afford  a  ready  means  of  cleaning  out  the  cistern,  a 
waste  pipe  is  inserted  quite  at  the  bottom,  sufficiently  large 
to  draw  off  the  whole  contents  in  a  short  time  when  required  ; 
into  this  waste  pipe  is  fitted  a  standing  waste,  which  reaches 
nearly  to  the  top  of  the  cistern,  and  carries  off  the  waste 
water,  when,  from  any  derangement  in  the  working  of  the 
ball  cock,  the  water  continues  running  after  the  cistern  is 
full.  To  prevent  any  leakage  at  the  bottom  of  the  standing 
waste,  the  latter  terminates  in  a  brass  plug,  which  is  ground 
to  fit  a  washer  inserted  at  the  top  of  the  waste  pipe. 

Where  the  supply  of  water  is  constami,  instead  of  being 
intermittent,  private  cisterns  may  be  altogether  dispensed 
with  ;  the  main  service  pipes,  not  being  required  to  discharge 
a  large  quantity  of  water  in  a  short  time,  may  be  of  smaller 
bore,  and,  consequently,  cheaper,  and  a  considerable  length 
of  pipe  is  saved,  as  the  water  can  be  laid  on  direetly  to  tbe 
several  taps,  instead  of  having  to  be  taken  up  to  the  cistern 
and  then  brought  back  again.  The  constant  flow  of  water 
through  the  pipes  also  much  diminishes  the  risk  of  their 
bursting  in  frosty  weather  from  freezing  of  their  contents. 

80 
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18T.  llieTaiioosooiitriTaiicescniplojedfar 
hgB  flttj  be  eUuBed  as  uider : — 

MoMs  9f  WiMTwing  taiiftHdtidbf  of  VemHlatiatL 

let.  By  dose  stoyes,  the  heatiDg  surface  being  either  of 
iron  or  of  earthenware 

2d.  Bj  hot-air  fines,  paning  nnder  the  floors. 

3d.  Bj  a  system  of  endless  pifHng  heated  by  a  current  of 
hot  water  from  a  boiler,  the  drcnlation  being  caused  by  the 
cooling,  and  consequently  greater  weight,  of  the  water  in  the 
lower  or  returning  pipe. 

Mdhodt  of  Warming  combined  wiih  VeniHation, 

4th.  By  open  fires  placed  in  the  scTcral  apartments. 

6th.  By  causing  air  which  has  been  previously  heated  to 
pass  through  the  seyeral  rooms.  This  last  system  is  more 
perfect  than  any  of  the  others  above  described,  both  as 
regards  economy  of  fuel  and  regulation  of  the  temperature. 

A  great  though  common  defect  in  the  construction  of 
fire-places  is  their  being  placed  too  high  ;  whence  it  is  not 
unusual  for  the  upper  part  of  a  room  to  be  quite  warm  whilst 
there  is  a  stratum  of  cold  air  next  the  floor,  the  effect  of 
which  is  very  injurious  to  health. 

In  all  methods  of  warming,  in  which  the  air  is  heated  by 
coming  in  contact  with  metallic  heating  surfaces,  care  should 
be  taken  that  their  temperature  should  not  exceed  212^  ;  as, 
when  this  limit  is  exceeded,  the  air  becomes  unfit  for  use,  and 
offensive  from  the  scorching  of  the  particles  of  dust  or  other 
matters  that  are  always  fioating  in  it. 

]L38.  The^re  are  two  modes  in  which  artificial  ventilation  is 
Inflected,  each  of  which  is  very  efficient. 
The  one  most  in  use  is  to  establish  a  draught  in  an  air 
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■haft  or  chinmej  commanicating  bj  fines  with  the  apartments 
to  be  Tentilated,  the  effect  of  which  is  to  canse  a  constant 
current  in  the  direction  of  the  shaft,  the  air  being  admitted 
at  the  bottom  of  the  building,  and  warmed  or  cooled  as  may 
be  reqnired,  according  to  the  season  of  the  year. 

The  new  House  of  Lords  is  yentilated  in  this  manner.  The 
air  is  admitted  at  the  bottom  of  the  buildings,  filtered  by 
being  passed  through  fine  sieves,  orer  which  a  stream  of 
water  is  constantly  flowing;  warmed  in  cold  weather  by 
passing  through  steam  cockles,  and  then,  rising  through  the 
bnilding,  goes  out  through  the  roof  into  the  furnace  chimney, 
the  draught  being  assisted  by  a  steam  jet  from  a  boiler. 

189.  The  other  mode  of  ventilation  to  which  we  have 
alluded  is  on  a  completely  opposite  principle  to  that  jnst 
described,  the  air  being  forud  itdo  the  apartments  by 
mechanical  means,  instead  of  being  dravmfrom  them  by  the 
draught  in  the  chimney. 

Id  ^'Thk  Americak  Cottagx  Buhdke**  the  Editor  treats 
this  subject  more  fully,  and  in  detail 


864  BUDUCENTS  OT  THI 


SECTION  n. 


MATERIALS    USED   IN   BUILDING. 

140.  The  materials  nsed  in  boflding  may  be  elapsed  under 
the  following  heads,  viz : 

Timber,  Stone,  Slate,  Bricks  and  Tiles,  Limes  and  Cements,  ^ 
Metals,  Glass,  Colors  and  Tarnishes. 

TDIBEIL 

141.  If  we  examine  a  transrerse  section  of  the  stem  of  a 
tree,  we  perceive  it  to  consist  of  three  distinct  parts  :  the 
barkf  the  wood,  and  the  pUh,  The  wood  appears  disposed  in 
rings  round  the  pith,  the  outer  rings  being  softer  and  con- 
taining more  sap  than  those  immediately  round  the  pith  which 
form  what  is  called  the  heart  wood. 

These  rings  are  also  traversed  by  rays  extending  from  the 
centre  of  the  stem  to  the  bark,  called  meduUary  rays. 

The  whole  structure  of  a  tree  consists  of  minute  vessels 
and  cells,  the  former  conveying  the  sap  through  the  wood  in 
its  ascent,  and  through  the  bark  to  the  leaves  in  its  de- 
scent ;  and  the  latter  performing  the  functions  of  secretion 
and  nutrition  during  the  life  of  the  tree.  The  solid  parts  of 
a  tree  consist  almost  entirely  of  the  fibrous  parts  composing 
the  sides  of  the  vessels  and  cells. 

By  numerous  experiments  it  has  been  ascertained  that  the 
sap  begins  to  ascend  in  the  spring  of  the  year,  through  the 
minute  vessels  in  the  wood,  and  descends  through  the  bark 
to  the  leaves,  and,  after  passing  through  them,  is  deposited 
in  an  altered  6tat«  between  the  bark  and  the  last  years's 
wood,  forming  a  new  layer  of  bark  and  sap  wood,  the  old 
bark  being  pushed  forward. 

As  the  annual  layers  increase  in  number,  the  sapwood 
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to  perfonn  its  origiaal  fimctioiiB  ;  the  flnid  parts  are 
eraponted  or  absorbed  bj  the  new  wood,  and,  the  sides  of 
the  vessels  being  pressed  together  bj  the  growth  of  the  lat- 
ter, the  sap  wood  becomes  heart  wood  or  perfect  wood,  and 
onto  this  change  takes  place  it  is  unfit  for  the  purposes  of 
the  builder. 

The  Tessels  in  each  layer  of  wood  are  largest  on  the 
side  nearest  the  centre  of  the  stem,  and  smallest  at  the  onlr 
side.  This  arises  from  the  first  being  formed  in  the  springy 
when  vegetation  is  most  active.  The  oblong  cells  which 
surround  the  vessels  are  filled  with  fluids  in  the  early  growth; 
but,  as  the  tree  increases  in  size,  these  become  evaporated 
and  absorbed,  and  the  cells  become  partly  filled  with  depo- 
sitions of  woody  matter  and  indurated  secretions,  depending 
on  the  natwe  of  the  soil,  and  'affecting  the  quality  of  the 
timber.  Thus  Honduras  mahogany  is  full  of  black  specks, 
while  the  Spanish  is  full  of  minute  white  particles,  giving 
the  wood  the  appearance  of  having  been  rubbed  over  with 
chalk.  At  a  meeting  of  the  Institution  of  Civil  Engineers, 
March,  1842,  it  was  stated  by  Professor  Brande,  that  ''  a 
beech  tree  in  Sir  John  Sebright's  park  in  Hertfordshire,  on 
being  cut  down,  was  found  perfectly  black  all  up  the  heart. 
On  examination  it  was  discovered  that  the  tree  had  grown 
^pon  a  mass  of  iron  scoriee  from  an  ancient  furnace,  and  that 
the  wood  had  absorbed  the  salt  of  iron.'*  This  anecdote  well 
explains  the  differences  that  exist  between  different  specimens 
of  the  same  kind  of  timber  under  different  circumstances  of 
growth  ;  and  it  is  probably  the  nature  of  the  soil  that  causes 
the  difference  of  character  we  have  just  named  between  Hon- 
duras and  Spanish  mahogany. 

There  is  a  great  difference  in  the  character  of  the  annual 
rings  in  different  kinds  of  trees.  In  some  they  are  very  dis- 
tinct, the  side  next  the  heart  being  porous,  and  the  other 
being  compact  and  hard,  as  the  oak,  the  ash,  and  the  elm. 
In  others  the  distinctions  between  the  rings  is  so  small  as 
Bcarcely  to  be  distinguished,  and  the  texture  of  the  wood  is 
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atazly  tmUbnii,  m  in  t^  beech  uid  mahegaay.  AtkM 
class  of  trees  have  the  aaaaal  rings  Terj  distinct  and  their 
pores  filled  with  resinous  matter,  one  part  being  hard  and 
heavy,  the  other  soft  and  light-colored.  All  the  resinous 
woods  have  this  character,  as  larch,  fir,  pine,  and  cedar. 

The  medollary  rings  are  scarcely  perceptible  to  the  naked 
^e  in  the  majority  of  trees  ;  bat  in  some,  as  the  oak  and 
tbe  beech,  there  are  both  large  and  small  rings,  which,  when 
cut  through  obliquely,  produced  the  beautifiil  flowered  ap* 
pearance  called  the  silver  grain. 

142.  In  preparing  timber  for  the  uses  of  the  builder  there 
are  three  principal  things  to  be  attended  to,  viz.,  the  age  of 
the  tree,  the  time  of  felling,  and  the  seasoning  for  use. 

143.  If  a  tree  be  felled  before  it  is  of  full  age,  whilst  the 
heartwood  is  scarcely  perfected,  the  timber  will  be  of  inferior 
quality,  and,  from  the  quantity  of  sap  contained  in  it,  will 
be  very  liable  to  decay.  On  the  other  hand,  if  the  tree  be 
allowed  to  stand  until  the  heartwood  begins  to  decay,  the 
timber  will  be  weak  and  brittle  :  the  best  timber  comes  from 
trees  that  have  nearly  done  growing,  as  there  is  then  bat 
little  sapwood,  and  the  heartwood  is  in  the  best  condition. 

144.  The  best  time  for  felling  trees  is  either  in  mid-winter, 
when  the  sap  has  ceased  to  flow,  or  in  mid-summer,  when  the 
sap  is  temporarily  expended  in  the  production  of  leaves.  An 
excellent  plan  is  to  bark  the  timber  in  the  spring  and  fell  it 
in  winter,  by  which  means  the  sapwood  is  dried  up  and  hai^ 
dened  ;  but  as  the  bark  of  most  trees  is  valueless,  the  oak 
tree  (whose  bark  is  used  in  tanning^  is  almost  the  only  one 
that  will  pay  for  being  thus  treated. 

145.  The  seasoning  of  timber  consists  in  the  extraction  or 
evaporation  of  the  fluid  parts,  which  are  liable  to  decompo- 
sition on  the  cessation  of  the  growth  of  the  tree.  This  is 
usually  eflSected  by  steeping  the  green  timber  in  water,  to 
dilate  and  wash  out  the  sap  as  much  aa  possible,  and  then 
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drying  it  thoroughly  by  ezpoenre  to  the  air  in  an  airy  aitii- 
atioii.  The  time  required  to  season  timber  thoroughly  in 
this  manner  will  of  coarse  much  depend  on  the  sizes  of  the 
pieces  to  be  seasoned  ;  bat  for  the  general  purposes  of  car- 
pentry, two  years  is  the  least  that  can  be  allowed^  and,  in 
seasoning  timber  for  the  use  of  the  joiner,  a  mach  longer 
time  is  asaally  required. 

146.  Decay  of  Timber. — Properly  seasoned  timber,  placed 
in  a  dry  situation  with  a  free  circulation  of  air  round,  it  is 
rery  durable,  and  has  been  known  to  last  for  seyeral  hun- 
dred years  without  apparent  deterioration.  This  is  not, 
however,  the  case  when  exposed  to  moisture,  which  is  al- 
ways more  or  less  prejudical  to  its  durability. 

When  timber  is  constantly  under  water,  the  action  of  the 
water  dissolves  a  portion  of  its  substance,  which  is  made  ap- 
parent by  its  becoming  covered  with  a  coat  of  slime.  If  it 
be  exposed  to  alternations  of  dryness  and  moisture,  as  in  the 
case  of  piles  in  tidal  waters,  the  dissolved  parts  being  con- 
tinually moved  by  evaporation  and  the  action  of  the  water, 
new  surfaces  are  exposed,  and  the  wood  rapidly  decays. 

Where  timber  is  exposed  to  heat  and  moisture,  the  albu- 
men or  gelatinous  matter  in  the  sapwood  speedily  putrefies 
and  decomposes,  causing  what  is  called  rot.  The  rot  in  tim- 
ber is  commonly  divided  into  two  kinds,  the  wet  and  the  dry, 
but  the  chief  difference  between  them  is,  that  where  the  tim- 
ber is  exposed  to  the  air,  the  gaseous  products  are  freely 
evaporated  ;  whilst,  in  a  confined  situation,  they  combine  in 
a  new  form,  viz.,  the  dry-rot  fungus,  which,  deriving  its 
nourishment  from  the  decaying  timber,  often  grows  to  a 
length  of  many  feet,  spreading  in  every  direction,  and  insinu- 
ating its  delicate  fibres  even  through  the  joints  of  brick 
walls. 

In  addition  to  the  sources  of  decay  above  mentioned,  tim- 
ber placed  in  sea-water  is  very  liable  to  be  completely  d^ 
atroyed  by  the  perforations  of  the  worm,  unless  protected  by 
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Mffwr  ilwfttliliig,  the  expense  cf  iriik^  cuaes  it  to  be  addcm 
wed  for  tfak  purpoee. 

147.  Prevention  rf  Decttf. — The  bert  method  of  protecting 
woodwork  from  dixaj  when  exposed  to  the  weather  is  to 
paint  it  thorongfaly,  00  as  to  prerent  ito  beii^  aifected  bj 
moistare.  It  is,  however,  most  important  not  to  applj  paint 
to  any  woodwork  which  has  not  been  thorooghly  seasoned  ; 
for  in  ibis  case  the  eraporation  of  the  sap  being  preTcnted, 
it  decomposes,  and  the  wood  rapidly  decays. 

Many  {dans  have  been  proposed  for  preventing  the  rot. 

148.  For  a  list  of  the  varieties  of  timber  for  building  poi^ 
poses,  see  Appendix. 

149.  For  internal  finishings,  mahogany  is  moch  used; 

that  called  Spanish,  which  comes  from  the  West  India 
I^nds  is  considered  the  best. 

For  joiners'  and  cabinet  makers' work,  a  great  many  kinds 
of  fancy  wood  are  imported,  which  are  cut  by  machinery 
into  thin  slices,  called  veneers,  and  nsed  as  an  ornamental 
covering  to  inferior  work.  In  veneering  care  should  be 
taken  that  the  body  of  the  work  be  thoroughly  seasoned,  or 
it  will  shiink,  and  the  veneer  fly  oif. 

LUCKS  AND   CBMENTS,   MOBTAB,   ETC. 

150.  So  much  of  the  stability  of  brickwork  and  masonry 
depends  upon  the  binding  properties  of  the  mortar  or  cement 
with  which  the  materials  are  united,  especially  when  exposed 
to  a  side  pressure,  as  in  the  case  of  retaining  walls,  arches, 
and  piers,  that  it  is  of  no  small  importance  to  ascertain  on 
what  the  strength  of  mortar  really  depends,  and  how  far  the 
proportions  of  the  ingredients  require  modification,  according 
to  the  quality  of  the  lime  that  may  have  to  be  used. 

It  was  long  supposed  that  the  hardness  of  any  mortar  de- 
pended upon  the  hardness  of  the  limestone,  from  which  the 
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I  used  in  its  compodtion  was  deriyed  ;  bot  it  was  asoer* 
tained  by  the  celebrated  Smeaton,  and  since  his  time  dearlj 
shown  by  the  researches  of  others,  amongst  whom  may  be 
named,  Yicat  in  France,  and  Colonel  Pasley  in  England, 
that  the  hardness  of  the  limestone  has  nothing  to  do  with 
the  matter,  and  that  it  is  its  chemical  composition  which 
regulates  the  quality  oi  the  mortar. 

151.  Limestone  may  be  dirided  into  three  classes : 
1st.  Pure  limes — as  chalk. 

2d.  Water  limes — some  of  which  are  only  slightly  hy- 
draulic, as  the  stone  limes  of  the  lower  chalk,  whilst  others 
are  eminently  so,  as  the  lias  limes. 

3d   Water  cements — as  those  of  Sheppy  and  Harwich. 

152.  In  making  mortar  the  following  processes  are  gone 
through : 

1st.  The  limestone  is  calcined  by  exposure  to  8tr<H^ 
heat  in  a  kiln,  which  driTcs  off  the  carbonic  acid  gas  coa« 
tained  in  it,  and  reduces  it  to  the  state  of  qmckrHme. 

2d.  The  quick-lime  is  slaked  by  ponring  water  upon  it, 
when  it  swells,  more  or  less,  with  considerable  heat,  and 
ftdls  into  a  fine  powder,  forming  a  hydrate  of  lime. 

8d.  The  hydrate  thus  formed  is  mixed  up  into  a  stifllsh 
paste,  with  the  addition  of  more  water,  and  a  proper  pro- 
portion of  sand,  and  is  then  ready  for  use. 

153.  Pure  Limes. — Chalk  is  a  pure  carbonate  of  lime, 
consisting  of  about  5  parts  of  lime  combined  with  4  of  car« 
bonic  acid  gas.  It  expands  greatly  in  slaking,  and  will  bear 
from  three  to  3(  parts  of  sand  to  one  of  lime,  when  made  up 
into  mortar.  Chalk  lime  mortar  is,  however,  of  little  yaloe, 
as  it  sels  or  hardens  very  slowly,  and  in  mcMst  sitnationa 
nerer  sets  at  all,  but  remains  in  a  pulpy  state,  which  renden 
it  quite  unfit  for  any  work  subjected  to  the  action  of  water, 
or  even  for  the  external  walls  of  a  building. 
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154.  Ojpfiom,  from  which  is  made  jrffjfer  cf  fmm  far 
cornices  mod  intenud  decarations,  is  gnnolar  aulpbate  of 
Ume,  aad  contaios  26*5  of  lime,  31*5  of  sulphiiric  add,  and 
It  of  water.  It  slalLes  withoat  swelling,  with  a  moderata 
heat,  setting  hard  in  a  very  short  time,  and  will  even  set 
wider  water ;  bat  as  it  is,  like  other  pure  limes,  partly  solii* 
ble  in  water,  it  is  not  suitable  for  anything  bat  internal 
wort* 

155.  Water  Umes  have  obtained  their-  name  from  the  pro- 
perty they  possess,  in  a  greater  or  less  degree,  of  setting 
nnder  water.  They  are  composed  of  carbonate  of  lime, 
mixed  with  silica,  alnmina,  oxide  of  iron,  and  sometimes 
other  substances. 

156.  Dorking  lime,  obtained  from  the  beds  of  the  lower 
chalk,  at  Dorking,  in  Surrey  ;  and  Hailing  lime,  from  a 
similar  sitoation  near  Rochester,  in  Kent,  are  the  principal 
Umes  used  in  London  for  making  mortar,  and  are  slightly 
hydranlic  ;  they  expand  considerably  in  slaking,  but  not  so 
mnch  as  the  pare  limes,  and  will  make  excellent  miH-tar  when 
mixed  with  three  parts  of  sand  to  one  of  lime.  Mortar  made 
with  these  limes  sets  hard  and  moderately  qoick,  and  vAm 
set,  may  be  exposed  to  considerable  moisture  without  injury ; 
but  they  will  not  aet  under  water,  and  are  therefore  unfit  for 
hydraulic  works,  unless  combined  with  some  other  substance, 
as  puzzolana,  to  gire  them  water«etting  properties. 

157.  The  ldti4  Has  Uma  are  the  strongest  water  limes  in 
this  country.  They  slake  very  slowly,  swelling  but  little  in 
the  process,  and  set  very  rapidly  even  nnder  water  ;  a  few 
days  only  sufficing  to  make  mortar  extremely  hard.  The 
liaa  limes  will  take  a  much  smaller  proportion  of  sand  than 
the  pore  limes,  the  reason  of  which  will  be  understood,  wheo 
His  remembered  that  they  contain  a  considerable pn^Mntioa 
of  silica  and  alumina,  combined  with  the  lime  in  their  natu- 
ral state,  and  consequently  the  proportion  of  sand  whidi 
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maketf  good  mortar  with  chalk  lime,  wwild  fvfai  norte 
made  with  ]ias  limes. 

In  the  Tale  of  Belvoir,  where  the  lias  lime  is  extensirely 
nsed,  the  commou  practice  is  to  use  equal  parts  of  lime  and 
sand  for  inside,  and  half  sand  to  one  of  lime  for  face  work. 

158.  Water  Cements. — These  differ  from  the  water  limes, 
as  regards  their  chemical  composition,  only  in  containing 
less  carbonate  of  lime  and  more  of  silica  and  alumina.  Thej 
require  to  be  reduced  to  a  fine  powder  after  calcination, 
without  which  preparation  thej  cannot  be  made  to  slake. 
The  process  of  slaking  is  not  accompanied  bj  any  increase 
of  bulk,  and  they  set  under  water  in  a  short  time,  a  few 
hoars  sufficing  for  a  cement  joint  to  become  perfectly  hard. 

Cement  will  not  bear  much  sand  without  its  cementitlous 
properties  being  greatly  weakened,  the  usual  proportion 
being  equal  parts  of  sand  and  cement. 

159.  The  use  of  natural  cement  was  introduced  by  Mr. 
Pai'ker,  who  first  discovered  the  properties  of  the  cement- 
stone  in  the  Isle  of  Sheppy,  and  took  oat  a  patent  for  the 
sale  of  it  in  1796,  under  the  name  of  Roman  cement. 

Before  that  time,  hydraulic  mortar,  for  dock  walls,  har- 
"bor  work,  &c.,  was  usually  made,  by  mixing  common  lime 
with  trass,  from  Andernach  in  Germany,  or  with  puzzolana 
from  Italy ;  both  are  considered  to  be  volcanic  products, 
the  latter  containing  silica  and  alumina,  with  a  small  quan- 
tity of  lime,  potash,  and  magnesia.  Iron  is  also  associated 
with  it  in  a  magnetic  state. 

160.  The  expense  of  natural  puzzolana  led  to  the  manu- 
facture of  artificial  puzzolana,  which  appears  to  have  been 
used  at  an  early  date  by  the  Romans,  and  has  continued  in 
use  in  the  south  of  Europe  to  the  present  day  ;  artificial 
puzzolana  is  made  of  pounded  bricks  or  tile  dust.  The 
Dutch  manufacture  an  artificial  puzzolana  from  burnt  day. 
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ia  initatioB  of  the  trus  of  AndenMch,  which  Is  Mid  to  be  • 
dose  imitation  of  the  natural  product. 

161.  The  great  and  increasing  demand  for  cement,  and 
Its  great  saperiority  for  most  purposes  over  lime  mortar, 
have  induced  manufacturers  to  turn  their  attention  to  the 
manufacture  of  artificial  cement,  and  this  has  been  attended 
in  many  inirtances  with  perfect  success ;  the  artificial  c^nents 
now  offered  for  sale,  formed  by  imitating  the  composition  of 
the  natural  cement-stones,  being  mostly  equal  in  quality,  if 
not  superior,  to  the  Boman  cement,  the  use  of  which  has 
been  partly  superseded 'by  them. 

1G2.  The  quality  of  the  sand  used  in  making  mortar  is  by 
no  means  numportant.  It  should  be  clean  and  sharp  ;  i,  t^ 
angular,  and  perfectly  free  from  all  impurities.  The  purer 
the  lime  the  finer  should  be  the  quality  of  the  sand,  the  pure 
limes  requiring  finer,  and  the  cements  a  coarser  sand,  than 
the  hydraulic  limes. 

COKCRSTE  AND   BETON. 

168.  Rubble  masonry,  formed  of  small  stones  bedded  in 
mortar,  appears  to  hare  been  commonly  nsed  in  England 
from  an  early  period;  and  sunilar  work,  cemented  with 
hydraulic  mortar,  was  constantly  made  use  of  by  the  Ro- 
mans in  their  searworks,  of  which  many  remains  exist  at  the 
present  day  in  a  perfectly  sound  state. 

164.  This  mode  of  forming  foundations,  in  situations  where 
solid  masonry  would  be  inapplicable,  has  been  reyived  in 
modern  times ;  in  England  and  the  United  States  under  the 
name  of  concrete,  aiid  on  the  continent  under  the  name  of 
beton.  Although  very  similar  in  their  nature  and  use,  thaw 
are  yet  great  differences  between  b^ton  and  concrete,  which 
depend  on  the  nature  of  the  Ume  used,  concrete  being  made 
with  the  weak  water  limes  which  wUl  not  set  under  water, 
whUst  b^ton  is  invariably  made  with  wateMetting  limes,  or 
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with  Um68  rendered  hydraulic  by  the  addition  of  pnzEokoA. 
Describing  the  two  by  their  differences,  it  may  be  obserred 
that  concrete  is  made  with  unslaked  lime,  and  immediately 
thrown  into  the  foundation  pit ;  b^ton  is  allowed  to  bland 
before  use,  until  the  lime  is  thoroughly  slaked  ;  concrete  is 
thrown  into  its  place  and  rammed  to  consolidate  it ;  beton 
is  generally  lowered  and  not  afterwards  disturbed  ;  concrete 
must  be  thrown  into  a  dry  place,  and  not  exposed  to  the 
action  of  water  until  thoroughly  set ;  b^ton,  on  che  contrary, 
is  made  use  of  principally  vmder  toaier,  to  save  the  trouble 
and  expense  of  laying  dry  the  bottom. 

165.  Concrete  is  usually  made  with  gravel,  sand,  and 
ground  unslaked  lime,  mixed  together  with  water,  the  pro- 
portions of  sand  and  lime  being  those  which  would  make 
good  mortar  without  the  gravel,  and,  of  course,  varying  ac- 
cording to  the  quality  of  the  lime  ;  with  the  common  limes, 
slaking  takes  place  at  the  time  of  mixing,  and  the  quality  of 
the  concrete  is  all  the  better  for  the  freshness  of  the  lime. 
If  lias  lime  be  used,  the  concrete  becomes  bcton,  and  must 
be  treated  accordingly. 

The  lime  in  this  case  must  be  thoroughly  slaked  (which 
often  takes  many  hours)  before  it  can  be  considered  fit  for 
use  ;  and,  if  this  precaution  be  not  attended  to,  the  whole 
of  the  work,  after  having  set  very  hard  on  the  surface,  cracks 
and  becomes  a  friable  mass,  from  the  slaking  of  the  refactory 
particles  after  the  body  of  the  concrete  has  set. 

166.  Asphalte,  so  much  in  use  at  the  present  day  for  foot- 
pavements,  terrace-roofs,  &c.,  is  made  by  melting  the  asphalte 
rock,  which  is  a  carbonate  of  lime  intimately  combined  with 
bitumen,  and  adding  to  it  a  small  portion  of  mineral  tar, 
which  forms  a  compact  semi-elasiic  solid,  admirably  adapted 
for  resisting  the  effects  of  frost,  heat,  and  wet 

Many  artificial  asphaltes  have  been  brought  under  public 
notice  from  time  to  time,  but  they  are  all  inferior  to  the  na* 
turol  asphalte,  in  the  intimate  combination  of  the  lime  and 
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bitamen,  which  it  ftf^Mars  imposuble  to  eAect  thoroi^Uj 
hf  artificial  means. 

METALS. 

1C7.  The  metals  used  as  building  materials  are  iron,  lead, 

copper,  zinc,  and  tin. 

168.  Ircn, — Iron  is  used  by  the  bnilder  in  two  different 
states,  Yiz.,  cast  iron  and  wrought  urou,  the  differences  be- 
tween them  depending  on  the  proportion  of  carbon  com- 
bined with  the  metal ;  cast  iron  containing  the  most,  and 
wrought  iron  the  least. 

169.  Prerions  to  the  middle  of  the  last  centurj,  the  smelt- 
ing of  iron  was  carried  on  with  wood  charcoal,  and  the  ores 
used  were  chiefly  from  the  secondary  strata,  although  the 
day  ironstones  of  the  coal  measures  were  occasionally  used. 

170.  The  introduction  of  smelting  with  pitcoal  coke  dur- 
ing the  last  century  caused  a  complete  revolution  in  the  iron 
trade.  Tlie  ores  now  chiefly  used  are  the  clay  ironstones  of 
the  coal  measures,  and  the  fuel,  pitcoal,  or  coke.  Steam 
power  is  almost  exclusively  used  for  the  production  of  the 
blast  in  the  furnaces,  and  for  working  the  forge  hanmiers  and 
rolling  mills. 

lU.  For  the  production  of  wrought  iron  in  the  ordinary 
manner,  two  distinct  sets  of  processes  are  required.  1st. 
The  extraction  of  the  metal  from  the  ore  in  the  shape  of 
cast  iron.  2nd.  The  conversion  of  cast  iron  into  malleable 
or  bar  iron,  by  re-melting,  puddling,  and  forging.  The 
conversion  of  bar  iron  into  steel  is  effected  by  placing  it  in 
contact  with  powdered  charcoal  in  a  furnace  of  cementation. 

172.  Cast  ir(m  is  produced  by  smelting  the  previously  calr 
cined  ore  in  a  blast  furnace,  with  a  portion  of  limestone  aa 
a  flux,  and  pitcoal  or  coke  as  fuel.  The  melted  metal  sinks 
to  the  bottom  oi  the  furnace  by  its  greater  specific  grarit/. 
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Hie  Bmefltone  and  other  impurities  float  en  the  top  of  the 
melted  mass,  and  are  allowed  to  ran  off,  forming  glag  or 
dmder.  The  melted  metal  is  ran  off  from  the  bottom  of  the 
farnace  into  moulds,  where  castings  are  required,  and  int« 
farrows  made  in  a  level  bed  of  sand,  when  the  metal  is  re- 
quired for  conversion  into  malleable  iron,  the  bars  thus  pro- 
duced being  called  pigs, 

''l 73.  In  the  year  182t,  it  was  discovered  that  by  the  use 
of  heated  air  for  the  blast,  a  great  saving  of  fuel  could  be 
effected  as  compared  with  the  cold  blast  process. 

The  hot  blast  is  now  very  extensively  in  use,  and  has  the 
double  advantage  of  requiring  less  fael  to  bring  down  an 
equal  quantity  of  metal,  and  of  enabling  the  mannfacturer 
to  use  raw  pitcoal  instead  of  coke,  so  that  a  saving  is  effect- 
ed both  in  the  quantity  and  cost  of  the  fuel. 

For  a  considerable  time  after  its  introduction  it  was  held 
in  great  disrepute,  which,  however,  may  be  chiefly  attributed 
to  the  inferior  quality  of  materials  used,  the  power  of  the 
hot  blast  in  reducing  the  most  refractory  ores  offering  a 
great  temptation  to  obtain  a  much  larger  product  from  the 
furnace  than  was  compatible  with  the  good  quality  of  the 
metal.  The  use  of  the  hot  blast  by  firms  of  acknowledged 
character  has  greatly  tended  to  remove  the  prejudice  against 
it ;  and  in  many  iron  works  of  high  character,  nothing  but 
the  hot  blast  with  pitcoal  is  used  in  the  smelting  furnaces, 
the  use  of  coke  being  confined  to  the  subsequent  processes. 

Perhaps  it  may  be  laid  down  as  a  general  principle,  that 
where  the  pig  iron  is  re-melted  with  coke  in  the  cupola  fur* 
nacc,  for  the  purposes  of  the  iron  foonder ;  or  refined  with 
coke  in  the  conversion  of  forge  pig  into  bar  iron,  it  is  of  lit- 
tle consequence  whether  the  reduction  of  the  ore  has  been 
effected  with  the  hot  or  the  cold  blast ;  but  where  castings 
have  to  be  run  directly  from  the  smelting  furnace,  the  quality 
of  the  metal  will,  no  doubt,  suffer  from  the  use  of  the  former. 

174.  Cast  iron  is  divided  by  ironfounders  into  three  qua- 
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Utiet.  No.  1,  or  Nadt  out  iron,  is  coane-grained,  soft,  and 
not  Tery  tenacious.  When  re-melted  it  panes  into  No.  2, 
or  grey  cast  iron.  This  is  the  best  qnalitj  for  castings  re- 
qniring  strength  :  it  is  more  finely  grained  than  No.  1,  and 
is  harder  and  mcnre  tenacious.  When  repeatedly  re-melted 
it  becomes  excessively  hard  and  brittle,  and  passes  into  No. 
3,  or  white  cast  iron^  which  is  only  used  for  the  commonest 
castings,  as  sash-weightSi  cannon-balls,  and  similar  articles. 
White  cast  iron,  if  produced  direct  from  the  ore,  is  an  indi- 
cation of  derangement  in  the  working  of  the  furnace,  and  is 
unfit  for  the  ordinary  purposes  of  the  founder,  except  to  mix 
with  other  qualities. 

175.  Girders  and  similar  solid  articles  are  cast  in  sand 
moulds,  enclosed  in  iron  frames  or  boaoes,  each  mould  requir- 
ing  an  upper  and  lower  box.  A  mould  is  formed  by  press* 
ing  sand  firmly  round  a  wooden  pattern,  which  is  afterwards 
removed,  and  the  melted  metal  poured  into  the  space  thus 
left  through  apertures  made  for  the  purpose. 

The  moulds  for  ornamental  work  and  for  hollow  castings 
are  of  a  more  complicated  construction,  which  will  be  better 
understood  from  actual  inspection  at  a  foundry  than  from 
any  written  description. 

Almost  all  irons  are  improved  b^  admixture  with  others, 
and,  therefore,  where  superior  castings  are  required  they 
should  not  be  run  direct  from  the  smelting  furnace,  but  the 
metal  should  be  re-melted  in  a  cupola  furnace,  which  gives 
the  opportunity  of  suiting  the  quality  of  the  iron  to  its  in- 
tended use.  Thus,  for  delicate  ornamental  work,  a  soft  and 
very  fluid  iron  will  be  required,  whilst,  for  girders  and  cast- 
ings ^exposed  to  cross  strains,  the  metal  will  require  to  be 
harder  and  more  tenacious.  For  bedplates  and  castings 
which  have  merely  to  sustain  a  compressing  force,  the  chief 
point  to  be  attended  to  is  the  hardness  of  the  metal. 

Castings  should  be  allowed  to  remain  in  the  sand  until 
cool,  as  the  quality  of  the  metal  is  greatly  injured  by  the 
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rapid  and  irregular  cooling  which  takes  place  from  exposore 
to  air  if  remoyed  from  moulds  in  a  red  hot  state,  which  is 
sometimes  done  in  small  foondries  to  economise  room. 

The  Scotch  iron,  which  is  so  much  esteemed  for  hollow 
wares,  and  has  a  beautifully  smooth  surface,  is  much  used 
in  the  United  States.  The  Scotch  iron  is  softer,  runs  closer, 
and  is  used  much  for  plates  which  require  smoothness,  for 
steam-engine  cylinders,  and  work  of  like  character,  which 
requires  closeness,  or  soundness;  it  is  also  mixed  with  our  An^e- 
rican  iron.  The  Eastern  iron  is  the  best  used  in  the  United 
States  for  positions  requiring  great  strength.  The  iron 
from  the  West  is  more  like  Scotch. 

The  Welch  iron  is  principally  used  for  conyersion  into  bar 
iron« 

176.  The  conyersion  of  forge  pig  into  bar  iron  is  effected 
by  a  variety  of  processes,  which  have  for  their  object  the 
freeing  the  metal  from  the  carbon  and  other  impurities  com- 
bined with  it,  so  as  to  produce  as  nearly  as  possible  the  pure 
metal.  We  do  not  purpose  to  enter  in  these  pages  into  any 
of  the  "details  of  the  manufacture  of  bar  iron,  or  of  its  cou- 
Tersion  into  steel,  as  our  business  is  rather  with  the  iron- 
founder  than  the  manufacturer  ;  it  may,  however,  be  proi)cr 
to  state  that  new  processes  have  lately  been  patented,  by 
which  malleable  iron  and  steel  may  be  produced  directly  from 
the  ore,  without  the  use  of  the  smelting  furnace,  a  plan 
which  is  likely  to  be  attended  with  beneficial  results,  both  us 
regards  economy  and  quality  of  metal. 

177.  Lead. — Lead  is  used  by  the  mason  for  securing  dowels, 
coating  iron  chunps,  and  similar  purposes,  see  section  IV., 
Plumber. 

Lead  is  also  used  by  the  smith  in  fixing  iron  railings,  and 
other  work  where  iron  is  let  into  stone  ;  but  the  use  of  lead 
in  contact  with  iron  is  always  to  be  avoided,  if  possible,  as 
it  has  an  injurious  effect  upon  the  latter  metal,  the  part  in 
contact  with  the  lead  becoming  gradually  softened. 
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Hie  chief  rdoe  of  lead,  howerer,  to  the  bmlder,  is  as  m 
covering  for  roofs,  and  for  lining  gutters,  cisterns,  &c.,  for 
which  uses  it  is  soperlor  to  any  other  metal.  For  these  par- 
poses  the  lead  is  cast  into  sheets,  and  then  passed  between 
rollers  in  a  fiaUing-maU,  until  it  has  been  reduced  to  the  re- 
quired thickness. 

Cast-Uad  is  often  made  by  i^vmbers  themselTea  from  old 
lead  taken  in  exchange  ;  but  it  is  Terj  inferior  to  the  mHiuL 
had  of  the  manofactorer,  being  not  so  compact,  and  oflm 
containing  small  air-holes^  which  render  it  unfit  Ux  nnj  bat 

inferior  purposes. 

178.  Copper, — Set  Section  IT.,  Coppersmith. 

179.  Zmc — See  Section  IT.,  Zincworker. 

180.  Brass  is  an  alloy  of  the  copper  and  zinc,  the  best 
proportions  being  nearly  two  parts  of  copper  to  one  of  zinc. 

181.  Bronze  is  a  compound  of  metal,  composed  of  copper 
and  tin,  to  which  are  sometimes  added  a  little  zinc  and  lead. 

The  best  proportions  for  casting  statues  and  ba&-reliefs 
appear  to  be  attained  when  the  tin  forms  about  10  per  cent 
of  the  alloy. 

By  alloying  copper  with  tin,  a  more  fusible  metal  is  ob- 
tained, and  the  aUoy  is  much  harder  than  pure  copper  ;  but 
considerable  management  is  required  to  prevent  the  copper 
from  becoming  refined  in  the  process  of  melting,  a  result 
which  has  frequently  happened  to  inexperienced  founders. 

182.  Bell^metal  is  composed  of  copper  and  tin,  in  the  pro- 
portion of  78  per  cent,  of  the  former  to  22  per  cent,  of  the 
latter. 

183.  Cast  iron  lintels  and  columns  are  in  common  use  in 
our  cities.  Cast  iron  blocks  are  also  frequently  used  for  the 
arches  of  bridges.  Iron  chains  are  used  with  advantago 
under  the  roofs  of  circular  buildings. 
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184.  Granite  rock  appears  to  have  been  originally  a  fiised 
mass,  and  subsequently  to  hare  undergone  the  process  of 
crystallization.  It  is  of  a  granular  structure,  that  is,  con* 
sisting  of  separate  grains  of  different  substances,  united,  ap- 
parently, without  the  aid  of  any  intermediate  matter  or  ce- 
ment. These  substances  are  quartz^  f^^par^  and  mioi,  each 
of  these  being  a  compound.  The  infinite  variety  of  proper* 
tions  in  which  their  seyeral  constituent  elements  are  united 
in  the  mass,  occasions  the  great  diversity  of  color,  and  of 
appearance  of  the  several  kinds  of  granite,  and  also  affects 
in  a  much  more  important  manner  the  enduring  character- 
istics of  this  valuable  material.  Thus,  its  color  varies  from 
light  grey  to  a  dark  tint  closely  resembling  black,  and  is  to 
be  found  of  all  shades  of  red,  and  many  green.  Of  the  con- 
stituents of  granite,  quartz  is  a  substance  of  a  glassy  appear- 
ance, and  of  a  grey  color,  and  is  composed  of  a  metallic  base 
sUkktm  and  oxygen  :  felspar  is  also  a  crystalline  substance, 
but  commonly  opaque,  of  a  yellowish  or  pink  color,  com- 
posed of  silicious  and  aluminous  mattter,  with  a  small  pro- 
portion of  lime  and  potash ;  ndca,  a  glittering  substance, 
principally  consists  of  clay  and  flint,  with  a  little  magnesia 
and  oxide  of  iron.  Instead  of  the  mica,  another  substance 
called  hornblejide,  is  found  in  some  granites  ;  hornblende  is  a 
dark  crystalline  substance,  composed  of  flint,  alumina,  and 
magnesia,  besides  a  large  poportion  of  the  black  oxide  of 
iron.  Granites  in  which  hornblende  exists  are  sometimes 
called  Syenite,  having  first  been  found  in  the  island  of  Syene 
in  Egypt. 

18.5.  Granite  is  found  in  mountain-chains,  and  usually  in 
rugged  outlines,  in  nearly  all  parts  of  Europe  and  America. 
Although  all  granites  are  similar  in  structure,  the  difference 
in  the  proportions  of  its  constituent  substances  occasions 
great  d^erence  in  its  eDdnring  and  useful  propertiok    Borne 
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Tarieties  are  exceedinglj  friable  and  liable  to  decompodtioii, 
while  others,  inclading  that  known  as  Sienite,  snfier  bat  im- 
perceptibly from  moistore  and  the  atmosphere.  The  com- 
pact natnre  of  a  close^ained  granite,  having  the  felspar 
highly  crystallized  and  free  from  stains  or  cracks,  seems  well 
calculated  to  resist  the  effect  of  air  and  water. 

186.  SlaU, — ^The  geologists  recognised  four  kinds  of  slate, 
nuea  slate,  takoufs  dait,  fUfUy  slate,  and  common  or  clay  slate. 
Of  these  the  last  only  is  a  material  of  extended  use  in  the 
arts  of  bnilding  and  construction.  Clay  slate,  as  its  name 
implies,  consists  chiefly  of  clay  in  an  indurated  condition, 
and  occasionally  containing  particles  of  mica  and  quartz, 
and  in  some  of  the  coarser  kinds,  groins  of  felspar  and  other 
fragments  of  the  primary  rocks.  In  the  extreme  admixture 
of  these  foreign  substances,  clay  slate  approaches  the  nature 
of  the  rock  known  as  grey  wacke.  The  beds  of  clay  slate 
are  invariably  stratified,  the  thickness  of  the  strata,  how- 
ever, varying  from  a  fraction  of  an  inch  to  many  feet.  Its 
laminar  texture  admits  a  ready  separation  into  thin  plates, 
and  thus  endows  it  with  a  supreme  value  for  roofing  and 
other  purposes,  in  which  great  density  and  comparative  im- 
permeability are  required  to  coexist  with  a  minimum  thick* 
ness  and  weight.  The  weight  of  slates  varies  from  174  to 
lt9  lbs.  per  cubic  foot. 

187.  Sandstones, — ^These  rocks,  belonging,  geologically, 
to  various  positions  in  the  order  of  the  strata  of  which  the 
exterior  of  the  earth  is  composed.  Sandstones  are  princi- 
pally silicious,  and  possess  various  degrees  of  induration. 
These  stones  weigh  from  140  to  150  lbs.  per  cubic  foot. 

188.  From  the  nature  of  the  composition  of  sandstones,  it 
results  that  their  resistance  against,  or  yielding  to,  the  de- 
composing effects  to  which  they  are  subjected,  depends  to  a 
great  extent,  if  not  wholly,  upon  the  nature  of  the  cementing 
Mfafltanoe  by  which  the  grains  are  united;  these  latter 
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being  comparatively  indestractible.  From  the  nature  of 
their  formation,  sandstones  are  usuallj  laminated,  and  more 
especially  so  when  mica  is  present,  the  plates  oi  which  are 
generally  arranged  in  planes  parallel  to  their  beds.  Stones 
of  this  description  should  be  carefully  placed  in  constmctions, 
80  that  these  planes  of  lamination  may  be  horizontal,  for  if 
placed  Tertically,  the  action  of  decomposition  will  occur  in 
flakes,  according  to  the  thickness  of  the  laminee.  Indeed, 
the  best  way  of  using  all  descriptions  of  stone  is  in  the  same 
position  which  they  had  in  the  quarry  ;  but  this  becomes  an 
imperative  rule  with  those  of  laminated  structure. 

189.  Uniformity  of  color  is  a  tolerably  correct  criterion 
of  uniformity  of  structure,  and  this  constitutes,  other  circum- 
stances  being  equal,  one  of  the  practical  excellencies  of 
building  stones.  The  great  injury  occasioned  to  these  ma- 
terials by  their  absorption  of  moisture,  leads  properly  to  a 
preference  for  such  stones  as  resist  its  introduction,  for  all 
above  ground  purposes.  Those  which  imbibe  and  retain 
moisture  are  especially  liable  to  disruption  by  frost,  if  ex- 
posed. The  simplest  method  of  finding  out  the  disposition 
of  stone  to  imbibe  moisture  is  to  immerse  it  for  a  lengthened 
period  of  time  in  water,  and  to  compare  the  weight  of  it  be- 
fore  and  after  such  immersion. 

190.  Limestones, — ^The  class  of  limestones,  including  the 
magnesian  limestones  and  the  oolites,  is  one  of  extreme  im- 
portance in  the  building  arts,  comprehending  some  of  the 
most  advantageous  materials  of  construction,  and  combining 
great  comparative  durability  with  peculiar  facilities  for 
working,  in  which  they  surpass  the  sandstones.  Of  the  lime- 
stones and  the  oolites,  the  principal  material  is  carbonate  of 
lime.  The  magnesian  limestones  contain  a  quantity  of  car- 
bonate of  magnesia,  in  some  cases  nearly  equal  to  that  of 
carbonate  of  lime. 

191.  It  is  remarked  that  magnesian  limestone  appears 
capable  of  resisting  decomposing  action  in  proportion  as  iti 
itrnctore  is  crystalline. 
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192.  Sk  Section  IT. 
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193.  &e  Section  IT. 

BUCKS  AND   TILB8. 

194.  According  to  the  Bible,  burnt  bricks  were  used  in 
the  Tower  of  Babel. 

In  Egypt,  bricks  were  made  of  clay,  mixed  with  dried* 
Btraw,  and  dried  in  the  sun. 

195.  The  usual  form  of  a  brick  is  a  paralellopipedon, 
about  9  in.  long,  4|  io.  broad,  and  2^  to  3  in.  thick — the  exact 
size  Tarying  with  the  construction  of  the  clay.  The  thick- 
ness need  not  bear  auy  definite  proportion  to  the  length  and 
breadth,  but  these  last  dimensions  require  nice  adjustment, 
as  the  length  should  exceed  twice  the  breadth  by  the  thick- 
ness of  a  mortar  joint. 

196.  The  manufacture  of  tiles  is  similar  to  that  of  bricks, 
the  principal  difference  arising  from  the  thinness  of  the  ware. 

Paving  tiles  may  be  considered  simply  a  thin  brick. 

Roofing  tiles  are  of  two  kinds  :  pantiles,  which  are  of  a 
cnrred  shape,  and  plaintiles,  which  are  flat,  the  latter  being 
often  made  of  ornamental  shapes  so  as  to  form  elegant  pat- 
terns when  laid  on  a  roof. 

PantUes  are  moulded  flat,  and  afterwards  bent  into  their 
required  shape  on  the  mould.  Plaintiles  were  formerly  made 
with  holes  in  them  for  the  reception  of  the  tile-pins,  by  which 
they  were  hung  on  the  laths  ;  but  the  common  method  now 
is  to  turn  down  a  couple  of  nibs  at  the  head  of  the  tile, 
which  answer  the  same  purpose. 

197.  Draimng  tiles  are  the  coarsest  kind  of  earthenware. 
They  are  of  various  shapes,  and  are  made  in  various  ways. 

198.  Glass.     See  Section  IV. 

199.  Colors  and  ramishes.     Set  Section  lY* 
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SEOnON  IIL 

STRENGTH  OF  MATERIALS. 

200.  There  are  three  principal  actions  to  which  the  ma- 
terials of  a  building  are  exposed. 

Ist.  Compression — as  the  case  of  the  stones  in  a  walL 
Sad.  Ihuion — ^as  in  the  case  of  a  king^post  or  tie-beam. 
3rd.  Cross-strain — as  in  the  case  of  a  bressmnmer,  floor- 
joists,  &c. 

The  last  of  the  three  is  the  only  one  against  which  pre- 
cautions are  especially  necessary,  as  in  all  ordinary  cases  the 
resistance  of  the  materials  used  for  building  is  far  beyond 
any  direct  crushing  or  pulling  force  that  is  likely  to  be 
brought  upon  them. 

201.  Ist.  Resistanu  to  Compression, — The  following  table 
shows  the  force  required  to  crush  1^  in.  cubes  of  several 
kinds  of  building  material: — 


lbs. 

IlM. 

Good  brick  .    . 

181t 

Portland  stone   . 

.  10,284 

Derbyshire  grit . 

loto 

Granite      "  .     . 

.  14,300. 

These  amounts  so  far  exceed  any  weight  that  could  have 
to  be  borne  on  an  equal  area,  under  ordinary  circumstances, 
that  it  is  quite  unnecessary  in  the  erection  of  a  building  to 
Bkake  any  calculations  on  this  head  when  using  these  or 
similar  materials. 

Cast  iron  may  be  considered  as  practically  incompressible  ; 
wrought  iron  may  be  flattened  under  great  pressure,  but 
cannot  be  crushed.  Timher  may  be  considered,  for  practical 
purposes,  as  nearly  incompressible,  when  the  weight  is  ap- 
plied  in  the  direction  of  the  fibres,  as  in  the  case  of  a  wooden 
ctory-post ;  but  the  softer  kinds,  as  fir,  offer  little  resistance^ 
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when  the  weight  ib  applied  at  right  angles  to  the  fibres^  as 
in  the  case  of  the  sill  of  a  partition  ;  and,  beside  this,  timber, 
however  well-seasoned,  will  always  shrink,  more  or  less,  in 
the  direction  of  its  thickness,  so  that  no  important  bearings 
should  be  trusted  to  it. 

202.  2nd.  Resistam4x  to  Tensian. — ^The  principal  building 
materials  that  are  required  to  resist  direct  tension  are  imier 
and  wraughi  iron. 

The  following  table  shows  the  weight  in  tons  required  to 
tear  asunder  burs  1  inch  square  of  the  following  materials : — 


Oak 6M 

Fir 5J 

Cast  iron 1| 

Wrought  iron 10 

Wrought  copper 15 

English  bar  iron 25 

American  iron 37| 

Blistered  steel 59| 

Cast  iron,  however,  although  included  in  the  above  table, 
is  an  unsuitable  material  for  the  purpose  of  resisting  tension, 
being  comparatively  brittle.  With  regard  to  timber,  it  is 
practicably  impossible  to  tear  asunder  a  piece  of  even  mo- 
derate size,  by  a  force  applied  in  the  direction  of  the  fibres, 
and  therefore  the  dimensions  of  king-posts,  tie-beams,  and 
other  timbers  which  have  to  resist  a  pulling  force,  are  regu- 
lated by  the  necessity  of  forming  proper  joints  and  connec- 
tions with  the  other  parts  of  the  framing  to  which  they  be- 
long, rather  than  by  their  cohesive  strength.  But  it  must 
be  borne  in  mind,  that  although  the  strength  of  all  kinds  of 
timber  is  very  great  in  the  direction  of  the  fibres,  the  lateral 
cohesion  of  the  annnal  rings  is  in  many  kinds  of  wood  very 
slight,  and  must  be  assisted  by  iron  straps  in  all  doubtful 
cases.  The  architects  of  the  middle  ages  executed  their 
magnificent  wooden  rooft  without  these  aids,  but  they  worked 
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in  oakf  and  not  in  soft  fir,  whidi  would  qplit  and  raid  if 
treated  in  the  same  way. 

Wraughi  iron  is  eztensiTeiy  osed  for  bolts,  straps,  tie-rods, 
and  all  ]mrposes  which  require  great  strength,  with  small 
sectional  area ;  one^foorth  of  the  breaking  weight  is  osnally 
said  to  be  the  limit  to  which  it  should  be  strained  ;  bat,  in 
all  probability,  this  amount  might  be  doubled  without  anj 
iignrioQs  effiacts. 


STRENGTH  OW  BEAMS. 

208.  3rd.  Cro$s  S^omi.— In  calculating  the  strengtii  of 
beams  when  exposed  to  cross  or  transverse  strain,  two  prin- 
cipal considerations  present  themselves:  1st.  The  mechanical 
eifect  which  any  given  load  will  produce  under  varying  con- 
ditions of  support:  and  2ndly.  The  resistance  of  the  beam, 
and  the  manner  in  which  this  is  affected  by  the  form  of  its 
section. 

204.  1st.  MBchfOmcal  Effect  of  a  given  Loadwnder  varying 
Ctrcwmstanou, — If  a  rectangular  beam  be  supported  at  each 
end  and  loaded  in  the  middle,  the  strength  of  the  beam,  its 
section  remaining  the  same,  will  be  inversely  as  the  distance 
between  the  supports,  the  weight  acting  with  a  leverage 
which  increases  at  this  distance  *    If  a  beam  be  fixed  atone 

Fig.  70. 


•  R  tomj  b*  M  well  to  obMrr*  thftt,  altbovgh  this  ta  tnM  m  to  tb*  itreafth  of 
taami  nndtr  ordliurj  dreanstanoM,  it  doM  not  bold  good  wlion  tho  lo«dli«  is 
earned  to  tho  ttroakiog  point,  tho  dofloetioa  of  tho  boun  eauolBC  an  taovMUM  or 
4imlBntioii  of  tho  lovorago  aeoordlng  to  tho  modo  of  tapport.  Tho  dtSiHrtnoo  of 
itreogth  urlaliig  fkom  this  «a«M  is,  hovovor,  too  trifliag  to  bo  tohon  Into  c 
mtion,  ozoopt  lo  doUoato  ozpotiioonta  on  tho  nltimato  ftioagtii  of  btaoui 
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flDl  aad  w^i^ted  a  t^  otiier  (%.  TO),  its  rtraigth  wffl  Iw 
half  thatof  asmular  beam  of  doaUe  the  length  mxppcftted 
a«  frst  described  (fig.  71).  A  panOkl  case  to  this  is  that 
of  a  beam  safiportedia  the  middle  and  loaded  ai  the  eads 


Fig.  7L 

L2 


(flg.  T2).    In  each  of  the  aboTe  cases  the  beam  win  bear 
double  the  load  if  it  be  equallj  distributed  OTer  its  whde 


Fig.  72. 


s 
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length,  as  shown  by  the  dotted  lines  ;  and  lastly,  the  streng^ 
of  a  beam  firmly  fixed  at  the  ends  is  to  its  strength  when 
loosely  laid  on  supports  as  8  to  2  (Me  fig.  73j. 

JFVg.  73. 


u^'      --u 
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XheseuBfldtsio^  be  sunply  ezpreflsed  thus : 
Let  #  be  the  weight  which  would  break  a  beam  of  giTea 
length  and  scantling  fixed  at  one  end  and  loaded  at  the 
other: 

tiien  2i  would  break  the  aune  beam  fixed  at  Mie  end  and 
nniformlj  loaded : 
4 1  would  break  the  same  beam  supported  at  each  end 

and  loaded  in  the  middle  : 
6  $  would  break  the  same  beam  fixed  at  each  end  and 

loaded  in  the  middle  : 
8  $  would  break  the  same  beam  supported  at  each  end 
'  and  uniformly  loaded  : 

12  s  would  break  the  same  beam  fixed  at  each  end  and 
uniformly  loaded 

205.  2d.  Resistance  of  the  Beam, — If  a  beam  be  loaded  so 
as  to  produce  fracture,  this  will  take  place  about  a  centre  or 
neutral  axis,  below  which  the  fibres  will  be  torn  asunder,  and 
above  which  they  will  be  crushed.  This  may  be  very  clearly 
illustrated  by  drawing  a  number  of  parallel  lines  with  a  soft 
pencil  on  the  edge  of  a  piece  of  India  rubber,  and  bending 
it  round,  when  it  will  be  seen  that  the  lines  are  brought 
closer  together  on  the  concave,  and  stretched  further  asunder 
on  the  convex  side,  whilst,  between 

.■m!^!..?**..,....  *^®  ^^^  edges,  a  neutral  line  may  be 
traced,  on  which  the  divisions  remain 
of  the  original  size,  which  neutral  line 
divides  the  fibres  that  are  subjected 
to  compression  firom  those  in  a  state 
of  tension  {see  fig.  14). 
The  resistance  of  a  rectangular  beam  will,  therefore, 
depend,  Ist,  on  the  number  of  fibres,  which  will  be  propor- 
tionate to  its  breadth  and  depth  ;  2d,  on  the  distance  of 
those  fibres  from  the  neutral  axis,  and  the  consequent  lever- 
age with  which  they  act,  which  will  also  be  as  the  depth  ; 
and,  lastly,  on  the  actual  strength  of  the  fibres,  which  will 


rwrjwiA  dftfcat  awlcriili,  aad  en  aaij  hti 
•pprozinuitdj  from  aetaal  expoiBcalB  OB  1 
of  the  auDe  material  af  tlMoe  whoae  iticB^  m  lemiiicd  to 
be  estimated. 

The  actoal  ftrength  of  any  rectangokr  beam  wfl],  tbev»* 
fore,  be  direct! j  as  its  breadth  mahiplied  by  the  aqeaie  of 
tbe  depth,  and  mvenely  m  its  length;  or,  caDingfthe 
transrerw  strength  of  the  matmal,  as  m  art.  177,  h  the 
breadth,  d  the  dq>th,  /  the  length  between  the  sopports,  and 
W  the  breaking  weight : 

W= . 

I 
Tbe  following  may  be  taken  as  the  raloe  of  s  for  ircm  and 
timber,  the  length  being  taken  in  feet,  the  breadth  and  depth 
in  inches,  and  the  breaking  weight  in  pounds. 


CoostoDt  Bvltlplicr  OoMlaati 

flbc  rwet—yhr  Immbs  tor  rettangaiar  b«UH 

ixad  »t  one  end  and  loow^  mippoftad  at 

kwdad  al  tbm  oth»r.  the  ends  and  loaSad 

in  tiM  Biftddla. 

Wrought  uron  612 )  ( 2048 

Oast  ditto  500  {-       X4      ^2000* 

Fir  and  English  oak  100  )  {  400 

It  most  be  remembered  that  the  nombers  here  giren 
indicate  the  breaking  weight,  not  more  than  one-third  of 
which  should  ever  be  applied  in  practice.  Timber  is  per- 
manently iigured  if  more  than  even  one-fourth  of  the  break- 
ing weight  is  placed  on  it,  and,  therefore,  this  limit  should 
nerer  be  passed. 

A  single  example  wUl  suffice  to  show  the  importance  of 
the  principles  just  explaiued,  and  the  lamentable  results  that 
may  follow  from  ignorance  of  them.  If  we  take  a  fir  bind- 
ing-Joist, say  9  in.  X  4  in.,  which  is  to  have  a  bearing  of 
12  ft.  between  its  supports,  and  place  it  edgeways,  it  will  re- 
quire to  break  it  a  weight=400X4X9* 

=  10,800  lbs. ; 

12 

•Tbt  aboT«  la  an  %▼«•«•  Tala«  oalcokiadfrom  »gr««t  anmbav  of  pnUMted 
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fast  i(  for  the  porpoae  of  gaining  height,  we  place  it  fla^ 

400  +  9+4* 

ways,  it  will  break  withaweight= =4,800  Ibe., 

12 
or  less  than  one-half. 

206.  We  may  see  from  this  example  that  the  shape  of  any 
beam  has  a  great  inflaenee  on  its  strength  ;  and  in  making 
beams  of  iron,  which  can  be  cast  with  great  facility  in  any 
required  shape,  it  becomes  an  important  question  how  to 
obtain  the  strongest  form  of  section  with  the  least  ezpendi- 
tore  of  metal 

The  nsnal  section  giyen  to  cast-iron  girders  is  that  of 
a  thin  and  deep  rectangular  beam,  with  flanges  or  pro- 
jections on  each  side  at  top  and  bottom  ;  where  the 
strength  of  the  metal  will  be  most  effectiye,  as  being  at 
the  greatest  possible  distance  from 
the  neutral  axis  ("fig.  78). 

The  great  question  now  is,  what 
should  be  the  relative  thickness  of 
the  top  and  bottom  flanges,  the 
centre  part  of  the  beam  having 
been  made  as  thin  as  is  consistent 
with  sound  casting  ? 
If  the  metal  were  incompressible,  the  top  flanges  might 
be  infinitely  thin ;  if  incapable  of  extension,  the  bottom 
ones  might  be  indefinitely  reduced.  If  it  offered  equal 
resistance  to  tension  and  compression,  the  neutral  axis  would 
occupy  the  centre  of  the  beam,  and  the  top  and  bottom 
flanges  would  require  to  be  of  equal  strength. 

We  are  indebted  to  Mr.  Eaton  Hodgkinson  for  the 
publication*  of  a  valuable  set  of  experiments  conducted  by 
him,  having  for  their  object  the  determination  of  the  position 
of  the  neutral  axis  in  cast-iron  beams.    The  result  of  his 

•  £zpeiliii«&tal  BaaouohMOn  Hm  Strength  and  otlkor  ftopcrtiM  of  Out  bva, 
9?o,184«.    Wbau. 
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it,  thfti  in  cMt^ron  rectaogoUv  beamsi  tfc« 

position  of  the  Deutral  aods  at  the  time  of  fracture  is  at  about 
ODe-seTenth  of  the  whole  depth  of  the  beam  below  its  upper 
surface.  Hence,  In  girders  with  flanges,  the  thickness  of 
the  bottom  flanges  should  be  six  times  that  of  the  apper 
ones  Csopposing  them  to  be  of  the  same  width),  in  order  to 
obtain  the  greatest  strength  with  the  least  metal.  Practically 
it  would  be  almost  impossible  to  cast  a  beam  thus  proportioned^ 
and,  therefore,  Uie  top  flanges  are  made  of  the  same  thick- 
ness, or  nearly  so,  as  the  bottom  ones,  but  of  a  less  width, 
so  as  to  contain  the  same  relative  quantity  of  metal,  dis^ 
posed  in  a  more  convenient  form  for  casting  (fig.  15). 

The  diiBcuIty  of  making  sound  castings  where  the  parts 
are  of  unequal  thickness  also  renders  it  necessary  to  make 
the  thickness  of  the  middle  rib  nearly  equal  to  that  of  the 
flanges. 

207.  To  calculate  the  strength  of  a  cast-iron  beam,  the 
sectional  area  of  whose  top  flanges  is  1-6  of  that  of  the  bottom 
ones,  we  must  find  that  of  a  rectangular  beam  of  the  same 
extreme  depth  i^d  width,  and  deduct  from  it  the  resistance 
of  the  portions  omitted  between  the  top  and  bbttom  flanges 

rfig.  '?5). 

If  we  call  the  whole  width  of  the  bottom  of  the  beam, 
W,  the  sum  of  the  widths  of  the  two  bottom  flanges,  tp,  the 
whole  depth  of  the  beam,  D,  and  the  vertical  distance 
between  the  flanges,  d  (on  the  supposition  that  the  top 
flanges  are  of  the  same  widths  as  the  bottom  ones,  and  1-6  of 
their  thickness,  as  shown  by  the  dotted  lines  in  fig.  1 8),  the 
distance  between  the  supports,  /,  the  strength  of  the  material, 
8,  and  if  the  weight  required  to  break  a  beam  when  loosely 
supported  at  the  ends  and  loaded  in  the  middle  be  called  z^ 

(WB^  —  wd^)  4s 
Then  a:  = ^ 

I 

and  if  we  take  the  length  in  feet  and  the  other  dhnenaoni 
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tQindiM,  and  eaQ  ^=560  lbs.,  wbich  is  Bot  too  miic&  kit 
the -best  Stftflbrdsliire  irons  ;  then 

4  i  =  2,240  lbs.  =  1  ton ;    and  tiiereftxre j = 

breaidng  weight  in  tons. 

The  value  of  <?  in  this  rnle  will  be  D  —  T-6  of  the  thidtness 
of  the  bottom  iSanges,  and  so  long  as  the  sectional  area  of 
the  top  flanges  is  more  than  1-6  of  that  of  the  bottom  ones'^, 
the  rnle  maj  be  applied  to  girders  of  variously  proportioned 
flanges,  as  the  additional  strength  gained  by  increasing  the 
size  of  the  top  flanges  beyond  the  proportion  here  named  is 
very  small  in  proportion  to  the  metal  used,  and,  in  n^eeting 
to  take  it  into  account,  we  are  sure  to  eir  on  the  sale  side. 

208.  It  must  not  be  supposed,  that  because  increasing  the 
thickness  of  the  top  flanges  does  not  materially  increase  the 
resistance  to  vertical  pressure,  it  is  on  that  account  useless  : 
on  the  contrary,  where  a  beam  is  of  considerable  depth  in 
proportion  to  the  widths  of  the  bottom  flanges,  it  wil  often 
be  desirable  to  make  the  top  flanges  more  than  1-6  of  the 
bottom  ones,  in  order  to  prevent  the  girder  from  twisting 
laterally,  and  to  increase  the  resistance  to  any  side  thrust  to 
which  it  may  be  exposed  from  brick  arches  or  otherwise. 

209.  In  practice,  it  is  not  desirable  to  load  iron  girders 
beyond  ^  of  their  ultimate  strength,  and  they  should  be 
proved  before  use  by  loading  them  to  this  extent  or  a  little 
more,  but  care  should  be  taken  never  to  let  the  proof  exceed 
^  iue  breaking  weight,  as  a  greater  load  than  this  strains 
and  distresses  the  metal,  making  it  permanently  wedcer.  The 
altimate  strength  of  a  girder  of  the  usual  proportions  may 
be  af^roximately  ascertained  from  its  deflexion  under  prodT 

*  It  must  b«  remembered  that  in  making  the  top  flanges  narrower  than  the 
bottom  onee  for  eonTenleaee  of  CMtJogf  as  the  balk  of  the  metal  is  bromght  nearer 
to  the  neutral  axis  hj  so  doing,  the  sectional  area  of  the  top  flanges  moat  be  latbtr 
9  than  1-6  of  that  of  the  bottom  ones,in  order  to  keep  the  position  of  the  neatsal 
k  stme  fa  in  a  vBdangnbur  beaok 
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on  ike  aasomptioft  that  a  load  equal  to  half  the  breakmif 
wught  will  caoae  a  deflection  of  l-480th  of  its  length.  , 

210.  7V%s9ed  Timber  Aom.— Timbers  exposed  to  seTere 
strain  lecpiire  to  be  tnused  with  iron,  and  this  may  be  done 
in  two  ways  :  Ist,  bj  inserting  east-iron  stmts,  as  in  fig.  76, 
thns  placing  the  whole,  or  nearly  the  whole,  of  the  wood- 

Fig.  76. 


work  in  a  state  of  tenMon  ;  2d,  by  wronght-iron  tension 
rods,  as  in  fig.  77,  which  take  the  whole  of  the  tendon, 

Fig.  77. 
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whilst  the  timber  is  thrown  entirely  into  compression.  The 
latter  mode  of  tmssing  is  now  Tory  extensiTely  nsed  in 
strengthening  the  carriages  of  traveling  cranes  and  for 
similar  purposes  ;  and,  by  its  use,  a  balk  of  timber  which 
will  barely  support  its  own  weight  safely  withont  assistance, 
may  be  made  to  carry  a  load  of  many  tons  without  sensible 
deflection. 

BTBBNOTH  OF  STOBT-POSTS  AND  CAST-IBOK  PILLABS. 

.  211.  When  a  piece  of  timber,  whose  length  is  not  less 
than  8  or  10  times  its  diameter,  ia  compressed  in  the  direction 
of  its  length,  as  in  the  case  of  a  wooden  story-post  snpport- 
ing  a  bressummer,  it  will  gire  way  if  loaded  beyond  a  certain 
point,  not  by  crushing,  but  by  bending,  and  will  ultimately 
be  destroyed  by  the  cross-strain,  just  as  a  horizontal  beam 
would  be  by  vertical  pressure  applied  at  ri^^t  angles  to  the 
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The  rules  for  detomimng  the  dimeiisioDS  of  a  piece 
of  timber  to  support  a  given  weight  without  sensible  flexure 
are  verj  complicated,  and  are  of  little  practical  yalae,  as 
thej  depend  npon  the  condition  that  the  pressure  is  exactly 
in  the  direction  of  the  axis  of  the  post— ^  condition  rarely 
ftdfiUed  in  practice. 

212.  Wooden  story-posts  hare  been  to  a  great  extent 
superseded  by  the  nse  of  cast-iron  pillars,  which  possess  great 
strength  with  a  small  sectional  area,  and  are  on  that  account 
particularly  well  adapted  to  situations  where  it  is  of  con< 
sequence  to  avoid  obstructing  light,  as  in  shop-fronts. 

In  determining  the  design  of  a  cast-iron  pillar,  whose 
length  is  20  or  30  times  its  diameter,  two  points  have  to  be 
considered  :  1st,  the  liability  to  flexure  ;  2d,  the  risk  of  the 
ends  being  crushed  by  the  load  not  acting  in  the  direction 
of  the  axis  of  the  pillar. 

The    resistance  to   flexure  is  greatly 
■'■  increased  by  enlarging  the  bearing  surface 

at  the  ends  of  the  pillar,  as  in  fig.  18, 
which,  on  the  other  hand,  increases  the 
liability  of  the  ends  to  fracture,  in  the 
event  of  the  load  being  thrown  on  the  side  instead  of  on  the 
centre  of  the  column,  by  any  irregular  settlement  of  the 
building.  The  judicious  architect  will,  therefore  take  a 
mean  course,  swelling  out  the  capitals  and  bases  of  his  cast- 
iron  pillars  enoo^h  to  prevent  their  shafts  from  bending,  but 
at  the  same  time  avoiding  any  thin  flanges  or  projections, 
which  might  be  liable  to  be  broken.  No  theoretical  rule  for 
determining  the  proportions  of  a  cast-iron  pillar  depending 
on  the  weight  to  be  supported  can  be  depended  on  in 
practice.  The  real  measure  of  the  strength  of  a  cast-iron 
story  post  must  be  the  power  of  resisting  any  lateral  force 
which  may  be  brought  against  it ;  and  as  a  slight  side  blow 
will  suffice  to  fracture  a  pillar  which  is  capable  of  supporting 
a  vertical  pressure  of  very  many  tons,  we  have  only  to  make 
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serer  of  the  lateral  strength,  and  we  are  quite  certain  to  be 
OB  the  safe  side  as r^^aidsanj  vertical preesnre  whichitniay 
have  to  sustain. 

213.  Besides  the  above  cases  of  transverse  strain,  there 
are  others  arising  from  irregular  settlements,  which  are 
amongst  the  greatest  difficulties  with  which  the  builds  has 
to  contend.  Thus,  to  take  a  familiar  instance,  the  window 
dlls  of  a  dwelling-house  are  often  broken  by  the  settlement 
of  the  brick-work  being  greater  in  the  piers  than  under  the 
sills,  from  the  greater  pressure  on  the  mortar  joints ;  and 
this  will  take  place  with  a  difference  of  settlement  which  can 
scarcely  be  detected,  even  by  careful  measurement*.  We 
need  not  here  enlarge  on  this  subject,  as  we  have  several 
times  in  the  preceding  pages  had  occasion  to  notice  both  the 
causes  of  irregular  settlement,  and  the  precautions  to  be 
taken  for  its  prevention. 

The  strength  of  materials  to  resist  torsion  or  twisting,  as 
in  the  case  of  a  driving  shaft,  is  an  important  consideration 
in  the  construction  of  machinery,  but  is  of  little  consequence 
in  the  erection  of  buildings,  and  therefore  need  not  be  noticed 
in  these  pages. 

•  The  reader  need  aearoelj  be  told  that »  carefol  b«Uder  wiU  slirays  defer  plmilay 
mp  hie  dlle  until  some  time  has  been  allowed  for  the  aettlement  of  the  hrick-work, 
bat  thia  will  not  alwaji  prevent  ultimate  fraoture. 


SECTION  IV. 
USE   OF   MATERIAL& 

EXCAVATOR. 

214.  The  digging  required  for  the  fonndatioiifl  of  commoii 
bnildings  usually  forms  part  of  the  business  of  the  brick- 
iajer,  and  is  paid  for  at  per  cubic  yard,  according  to  the 
depth  of  the  excavation,  and  the  distance  to  which  the  earth 
has  to  be  wheeled  ;  this  being  estimated  by  the  rum,  of  20 
yards. 

In  large  works,  which  require  coffer-dams  and  pumping 
apparatus  to  be  put  down  before  the  ground  can  be  got  out 
for  the  foundations,  the  work  assumes  a  different  character, 
and  is  paid  for  accordingly  ;  the  actual  excavation  being  only 
a  small  item  of  the  total  cost  compared  with  those  df 
dredging,  piling,  puddling,  shoring,  pumping,  Ac. 

The  workmen  required  for  the  construction  of  cofferdams 
aad  similar  works  are  laborers  of  a  superior  class,  accustomed 
to  the  management  of  pile-engines  and  tackle,  and  competmt 
to  the  execution  of  such  rough  carpenter's  work  as  is  required 
in  timbering  large  excavations. 

BRICKLAYXB. 

215.  The  business  of  a  bricklayer  consists  in  the  execution 
of  all  kinds  of  work  in  which  brick  is  the  principal  material ; 
and  in  London  *it  always  includes  tiling  and  paving  with 
bricks  or  tiles.  Where  undressed  stone  is  much  used  as  a 
bulding  material,  the  bricklayer  executes  this  kind  of  work 
also,  and  in  the  country,  the  business  of  the  plasterer  is 
often  united  with  the  above  named  branches. 
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916.  The  tools  of  the  bricklajer  are  tlie  irowl,  to  tain 
op  and  spread  the  mortar,  and  to  cut  bricks  to  the  reqniste 
length  :  the  Mdc  axt,  for  shaping  bricks  to  anj  reqnired 
berol ;  the  tin  saw,  f6r  making  incisions  in  bricks  to  be  cnt 
with  the  axe,  and  a  ruhbing'sUmt,  on  which  to  mb  the  bricks 
smooth  after  being  rooghlj  axed  into  shape.  The  ynmUr  and 
the  jomting-rtbU  are  used  for  runmng  the  centres  of  the 
mortar-joints.  Hie  raker,  for  raking  oat  the  mortar  from  the 
joints  of  old  brick-work  previous  to  re-pointing.  The 
hammer,  for  cottii^  chases  and  splays.  The  banker  is  a  piece 
of  timber  about  6  feet  long,  raised  on  supports  to  a  ooDf- 
venient  height  to  form  a  table  on  which  to  cut  the  bricks  to 
anj  required  gauge,  for  which  moulds  and  bevels  are  required. 
The  crowbar,  ptdniax,'  and  shavd  are  used  in  digging  out  the 
foundations,  and  the  rammer  in  punning  the  ground  round 
the  footings,  and  in  rendering  the  foundation  firm  where  it  is 
soft  by  beating  or  ramming. 

To  set  out  the  work  and  to  keep  it  true,  the  bricklajer 
uses  the  square^  the  lend,  and  the  plwmb^rule  ;  (or  drcular  or 
battering  work  he  uses  templeis  and  battering-rukt ;  Uma  and 
fiTis  are  used  to  lay  the  courses  by  ;  and  mea4uring'TodM  to 
take  dimensions.  When  brick-work  has  to  be  carried  up  in 
eonjunction  with  stone-work,  the  height  of  each  course  must 
be  mariced  on  a  gaugt^od,  that  the  joints  of  each  may 
coincide. 

21T.  The  bricklayer  is  supplied  with  bricks  and  mortar 
by  a  laborer,  who  carries  them  in  a  hod.  The  laborer  also 
makes  the  mortar,  and  builds  and  strikes  the  scaffolding. 

218.  The  bricklayer's  scaffold  is  constructed  with  eUmd- 
ards,  ledgers,  and  puHogs.  The  standards  are  poles,  from 
40  to  50  ft.  long,  and  6  or  t  in.  diameter  at  the  butt  ends, 
which  are  fimly  bedded  in  the  ground.  When  one  pole  is 
not  snfficently  long,  two  are  lashed  together,  t(^  and  butt, 
the  lashings  being  tightened  with  wedges.  The  ledgers  are 
horizontal  poles  placed  parallel  to  the  walls,  and  lashed  to 
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tbe  fltandardfl  for  the  support  of  the  pntlogs.  The  putlogs 
an  cross  pieces,  nsaallj  made  of  birch,  and  aboat  6  ft.  long, 
one  end  resting  in  the  wall,  the  other  on  a  ledger.  On  the 
pntlogs  are  placed  the  scaffold  boards,  which  are  stont  boards 
hooped  at  the  ends  to  prevent  them  from  splitting. 

A  bricklayer  and  his  laborer  will  lay  in  a  edngle  day  abont 
1000  bricks,  or  about  two  cnbic  yards. 

The  tools  required  for  tiling  are — the  kahing-hammer,  with 
two  gauge  marks  on  it,  one  at  7,  and  the  other  at  *H  inches  ; 
the  iron  laMng  staf,  to  clinch  the  nails  ;  the  trotrd,  which  is 
longer  and  narrower  than  that  used  for  brick-work ;  the 
hotm,  for  holding  mortar  and  tiles,  with  an  iron  hook  to  hang 
it  to  the  laths  or  to  a  ladder  ;  and  the^  striker,  a  piece  of  lath 
about  10  m.  long,  for  clearing  off  the  superfluous  mortar  at 
the  feet  of  the  tiles. 

219.  Brick-work  is  measured  and  valued  by  the  rod,  or 
by  the  cubic  yard,  the  price  including  the  erection  and  use 
of  scaffolding,  but  not  centering  to  arches,  which  is  an  extra 
charge. 

Bricknogging,  pavings,  and  facings,  by  the  superficial 
yard. 

Digging  and  steining  of  wells  and  cesspools  by  the  foot  in 
depth,  according  to  size,  the  price  increasing  with  the  depth. 

Plain  tiling  and  pantiling  are  valued  per  square  of  100 
feet  superficial. 

ICASON. 

220.  The  business  of  the  mason  consists  in  working  the 
stones  to  be  used  in  a  building  to  their  required  shape,  and 
in  $etiing  them  in  their  places  in  the  work.  Connected  with 
the  trade  of  the  mason  are  those  of  the  Stonecutter,  who  hews 

i  and  cuts  large  stones  roughly  into  shape  preparatory  to  thebr 
being  worked  by  the  mason,  and  of  the  Carver,  who  executes 
the  ornamental  portions  of  the  stone-work  of  a  building,  as 
enriched  cornices,  capitals,  &c. 
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921.  Where  the  yaliie  of  stone  is  connidaaUe,  it  is  sent 
firom  the  quarry  to  the  building  in  large  blocks,  and  cot  into 
slabs  and  scantlings  of  the  reqoired  size  with  a  stone-mason's 
saw,  which  differs  from  that  osed  in  any  other  trade  in  hav- 
ing no  teeth.  It  is  a  long  thin  pUte  of  steel,  slightly  jagged 
on  the  bottom  edge,  and  fixed  in  a  frame  ;  and,  being  dntwn 
backwards  and  forwards  in  a  horizontal  position,  cats  the 
stone  by  its  own  weight.  To  facilitate  the  operation,  a 
hei^  of  sharp  sand  is  {rfaced  on  an  inclined  plane  over  the 
stone,  and  water  allowed  to  trickledbhroagh  it,  so  as  to  wash 
the  sand  into  the  saw-cut.  Of  late  years  machinery  worked 
by  steam-power  has  been  used  for  sawing  marble  into  slabs 
to  a  very  great  extent,  and  has  almost  entirely  superseded 
manual  labor  in  this  part  of  the  manufacture  of  chinmey- 
pieces. 

Some  freestones  are  so  soft  as  to  be  easily  cut  with  a 
toothed  saw  worked  backwards  and  forwards  by  two  per- 
sons. 

The  harder  kinds  of  stones,  as  granites  and  gritstones,  are 
bronght  roughly  into  shape  at  the  quarry,  with  ah  axe  or  a 
scappling  hammer,  and  are  then  said  to  be  seappUd, 

222.  The  tools  used  by  the  mason  for  cutting  stone  con- 
sist of  the  mallei  and  chisels  of  various  sizes.  The  mason's 
mallet  differs  from  that  used  by  any  other  artisan,  being 
similar  to  a  dome  in  contour,  excepting  a  portion  of  the 
broadest  part,  which  is  rather  cylindrical  ;  the  handle  is 
short,  being  only  sufficiently  long  to  enable  it  to  be  firmly 
grasped. 

In  London  the  tools  used  to  work  the  faces  of  stone  are 
the  pointf  which  is  the  smallest  description  of  chisel,  being 
never  more  than  a  quarter  of  an  inch  broad  on  the  catting 
edge  ;  the  inch  tod;  the  boaster,  which  is  2  in.  wide  ;  and 
the  broad  tool,  of  which  the  cutting  edge  is  3|  in«  wide.  The 
tools  used  in  working  mouldings  and  in  carving  are  of  vari- 
ous sizes,  according  to  the  nature  of  the  work. 

Besides  the  above  cutting  tools    the    mason  usea  tko 
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'  or  bendi,  on  which  he  plaoee  his  stone  for  eoDTenl* 
eece  of  working,  and  straighi  edges,  squares,  heods,  and  tm^ 
fUts,  for  marking  the  shapes  of  the  blocks,  and  for  trying 
the  surfaces  as  the  work  proceeds.  Anj  angle  greater  or 
less  than  a  right  angle  is  called  a  beyel  angle,  and  a  hevd 
is  formed  by  nailing  two  straight  edges  together  at  the 
required  angle  ;  a  heed  square  is  a  sqnare  with  a  shifting 
stock  which  can  be  set  to  any  required  beveL  A  templet  is 
a  pattern  for  cutting  a  block  to  any  particular  shape  ;  when 
the  work  is  moulded,  the  templet  is  called  a  mmdd.  Moulds 
are  commonly  made  of  sheet  zinc,  carefully  cut  to  the  profile 
of  the  monldiags  with  shears  and  files. 

For  setting  his  work  in  place  the  mason  uses  the  trowd, 
tines,  and  pins,  the  square  and  levd,  and  plumb,  and  battering 
rules,  for  adjusting  the  faces  of  upright  and  battering  walls. 

223.  The  mason's  scaffold  is  double,  that  is,  formed  with 
two  rows  of  standards,  so  as  to  be  totally  independent  of  the 
walls  for  support,  as  putlog  holes  are  inadmissible  in 
masonry. 

During  the  last  ten  years  the  construction  of  scaffolds 
with  round  poles  lashed  with  cords  has  been  entirely  super- 
seded in  large  works  by  a  system  of  scaffolding  of  square 
timbers  connected  by  bolts  and  dog  irons. 

The  hoisting  of  the  materials  is  performed  from  these 
scaffolds  by  means  of  a  traveling  crane,  which  consists  of  a 
double  traveling  carriage  running  on  a  tramway  formed  on 
stout  sills  laid  on  the  top  of  two  parallel  rows  of  standards. 
The  crab-winch  is  placed  on  the  upper  carriage,  and,  by 
means  of  the  double  motion  of  the  two  carriages,  can  be 
brought  with  great  ease  and  precision  over  any  part  of  the 
work  lying  between  the  two  rows  of  standards.  ! 

The  facilities  which  are  afforded  by  these  scaffolds  and 
traveling  cranes  for  moving  heavy  weights  over  large  areas, 
have  led  to  their  extensive  adoption,  not  only  in  the  erection 
<tf  buildings,  but  on  landii]^  wharfe,  masons  and  ironfonnd- 
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€n^  yank,  and  dmilar  utiutloiiB,  where  a  great  aaTiBg  ef 
tme  and  labor  is  efEected  by  their  use. 

224.  The  movable  derrick  crane  is  also  mach  used  in 
setting  mason's  worL  It  consists  of  a  vertical  post  Bap> 
ported  by  two  timber  backstays^  and  a  long  movable  jib  or 
derrick  hinged  against  the  post  below  the  gearing.  . 

By  means  of  a  chain  passed  from  a  barrel  over  a  pally  at 
the  top  of  the  post,  the  derrick  can  be  raised  almost  to  a 
vertical,  or  lowered  to  an  almost  horizontal  position,  thus 
enabling  it  to  command  every  part  of  the  area  of  a  cattle  of 
a  radios  nearly  equal  to  the  length  of  the  derrick.  This  gives 
it  a  great  advantage  over  the  old  gibbet  crane,  which  only 
commands  a  circle  of  a  fixed  radios,  and  the  nse  of  which 
entails  great  loss  of  time  from  its  constantly  requiring  to  be 
shifted  as  the  work  proceeds. 

225.  In  hoisting  blocks  of  stone  they  are  attached  to  the 
tackle  by  means  of  a  simple  contrivance  called  a  kwis,  which 
Is  shown  in  fig.  79. 

A  tapering  hole  having  been  cut  in  the  upper  surface  of 
the  stone  to  be  raised,  the  two  side  pieces  of  the  lewis  are 
inserted  and  placed  against  the  sides  of  the  hole  ;  the  centre 
parallel  piece  a  is  then  inserted  and  secured 
Fig,  79.         \ji  its  place  by  a  pin  passing  through  all 
three  pieces,  and  the  stone  may  then  be 
safely  hoisted,  as  it  is  impossible  for  the 
lewis  to  draw  out  of  the  hole.     By  means 
of  the  lewis,  in  a  slightly  altered  form  from 
that  here  shown,  stones  can  be  lowered  and 
W^^^^y^^.   set  under  water  without  difficulty,  the  lewis 
'"  '        being  disengaged  by  means  of  a  line  attach- 
ed to  the  parallel  piece ;  the  removal  of  which  allows  the 
others  to  be  drawn  out  of  the  mortice. 

226.  In  stone-cutting,  the  workman  forms  as  many  plane, 
&ces  as  may  be  necessary  for  bringing  the  stone  into  the 


ABT  OP  BUILDING. 


401 


feipnred  shape,  with  the  least  waste  of  material  and  labor, 
and  on  the  plane  sardaoes  so  formed  applies  the  moulds  to 
which  the  stone  is  to  be  worked 

To  form  a  plane  surface,  the  nmson  first  knocks  off  the 
saperflnoos  stone  along  one  edge  of  the  block,  as  a,  h  ffig. 

80),  antil  it  coincides  with  a 
^'  ^'  straight  edge  throaghont  its 

whole  length  ;  this  is  called 
a  chitd  draught.  Another 
chisel  draught  is  then  mii&e 
along  one  of  the  adjacent 
edges  as  fr,  c,  and  the  ends  of 
the  two  are  connected  by  ano- 
ther draoght,  ssac;  a  fourth  draught  is  then  sunk  across 
the  last,  as  h,  d,  which  gives  another  angle  point  d,  in  the 
same  plane  with  a  h,  and  c,  by  which  the  draughts  d  a  and 
a  c  can  be  formed  ;  and  the  stone  is  then  knocked  off  be- 
tween the  outside  draughts  until  a  straight  edge  coincides 
with  the  surface  in  every  part. 

To  form  cylindrical  or  moulded  surfaces  curved  in  one 
direction  only,  the  workman  sinks  two  parallel  draughts  at 
the  opposite  end  of  the  stone  to 
be  worked,  until  they  coincide 
with  a  mould  cut  to  the  required 
shape,  and  afterwards  works  off 
the  stone  between  these  draughts, 
by  a  straight  edge  applied  at 
right  angles  to  them  {Qg.  81). 
The  formation  of  conical  or 
spherical  surfaces  is  much  less  simple,  and  require  a  know- 
ledge of  the  scientific  operations  of  stone-cutting,  a  description 
of  which  would  be  unsuited  to  the  elemetary  character  of 
these  pages. 

227.  The  finely-grained  stones  are  usually  brought  to  a 
smooth  face,  and  nibbed  with  sand  to  produce  a  perfectly 
even  surface. 


Fig.  81. 


403  BCMKEvrs  or  ram 

In  woridng  soft  stones,  the  suffaee  b  broi^t  to  »  sDMMrth 
hee  with  the  drag,  wnich  is  a  plate  of  steel,  indented  on  the 
edge  like  the  teeth  of  a  saw,  to  take  off  the  marks  of  the 
tools  employed  in  shapiii^  it. 

The  harder  and  more  coarsely  grained  stones  are  generafly 
i4)oUd,  that  is,  the  marks  of  the  chisel  are  left  on  their  face. 
If  the  farrows  left  by  the  chisel  are  disposed  in  r^olar 
order,  the  work  is  said  to  be  fair-iooled,  bat  if  otherwise,  it 
may  be  randam-kfoUd  or  dnseUd  or  boasted  or  fowUd.  If 
tfie  stones  project  beyond  the  joints,  the  work  is  said  to  be 
rtuHeaied. 

Granite  and  gritstone  are  chiefly  worked  with  the  scap- 
pling  hammer.  In  massive  erections,  where  the  stones  are 
large,  and  a  bold  effect  is  required,  the  fronts  of  the  blocks 
are  left  quite  rough,  as  they  come  oat  of  the  qaarry,  and  the 
work  is  then  said  to  be  quarry  pitched. 

Many  technical  terms  are  osed  by  qaarrymen  and  others 
engaged  in  working  stone  ;  but  they  need  not  be  inserted 
here,  as  they  are  mostly  confined  to  particular  localities  be- 
yond which  they  are  little  known,  or  perhaps  bear  a  different 
signification. 

228.  When  the  mason  reqmres  to  ^ye  to  the  joints  of 
his  work  greater  security  than  is  afforded  by  the  weight  of 
the  stone  and  the  adhesion  of  the  mortar,  he  makes  ose  of 
j^gg^y  dowdsj  and  cramps. 

Stones  are  said  to  be  joggled  together  when  a  projection 

is  worked  out  on  one  stone  to  fit  into  a  corresponding  hole 

or  groove  in  the  other  {set  fig.  82).    But  this 

Jig.  82.      occasions  great  labor  and  waste  of  stone,  and 

s         dowdrjoggks  are  chiefly  made  use  of,  which  are 

hard  pieces  of  stone,  cut  to  the  required  size, 

and  let  into  corresponding  mortices  in  the  two  stones  to  be 

joined  together. 

D&wds  are  pins  of  wood  or  metal  used  to  secure  the 
Joints  of  stonework  in  exposed  situations,  as  copings,  pin- 
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nades,  Ac.  The  best  material  is  copper ;  bat  the  expense 
of  this  metal  causes  it  to  be  seldom  nsed  If  iron  be  made 
nse  of,  it  should  be  thoronghlj  thinned  to  prevent  oxidation, 
<ifr  it  will,  sooner  or  later,  burst  and  split  the  work  it  is  in- 
tended to  protect. 

Dowels  are  often  secured  in  their  places  with  lead  ponred  in 
from  above,  through  a  small  channel  cut  in  the  side  of  the 
joint  for  that  purpose ;  but  a  good  workman  will  eschew 
lead,  which  too  often  finds  his  way  into  bad  work,  and  will 
prefer  trusting  to  very  close  and  workmanlike  joints,  care- 
fully fitted  dowels,  and  fine  mortar  ;  dowels  should  be  made 
taperiDg  at  one  end,  which  ensures  a  better  fit,  and  renders 
the  setting  of  the  stone  more  easy  for  the  workman. 

Iron  cramps  are  used  a^  fastenings  on  the  tops  of  copings, 
and  in  similar  situations  ;  but  they  are  not  to  be  recom- 
mended, as  they  are  very  unsightly,  and,  if  they  once  become 
exposed  to  the  aetion  of  the  atmosphere,  are  powerfully  d^ 
structive  agents.  Cast  iron  is,  however,  less  objectionable 
than  wrought  iron  for  this  purpose. 

229  In  measuring  mason's  work,  the  cubic  content  <^  the 
stone  is  taken  as  it  comes  to  the  banker,  without  deduction 
for  subsequent  waste. 

If  the  scantlings  are  large,  an  extra  price  is  allowed  for 
hoisting. 

The  labor  in  working  the  stone  is  charged  by  the  super- 
ficial foot,  according  to  the  kind  of  work,  as  plain  work,  sunk 
work,  moulded  work,  Ac 

Pavings  landings,  &c.,  and  all  stones  less  than  three  in. 
thick,  are  charged  by  the  superficial  foot. 

Copings,  curbs,  window  sills,  &c.,  are  charged  per  lineal 
foot. 

Cramps,  dowels,  mortice  holes,  &c.,  are  always  charged 
separately. 

The  remuneration  of  a  stone-carver  is  dependent  on  faia 
lAlent,  and  the  kind  of  work  he  is  engaged  upon. 
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230.  The  business  of  the  carpenter  consists  in  framing 
timbers  together,  for  the  construction  of  roofe,  partitions, 
floors,  &c. 

231.  The  capenter's  principal  tools  are  the  axe,  the  adze, 
the  saw,  and  the  chisel,  to  which  maj  be  added  the  chalk, 
line,  plamb-rnle,  level,  and  square.  The  work  of  the  carpen- 
ter does  not  require  the  use  of  the  plane,  which  is  one  of 
the  principal  tools  of  the  joiner,  and  this  forms  the  principal 
distinction  between  these  trades,  the  carpenter  being  engaged 
in  the  rough  frame-work,  and  the  joiner  on  the  finishings  and 
decorations  of  bnUdings. 

232.  The  principles  of  framing  have  been  already  fuDjr 
described  in  the  1st  section  of  this  work,  and  we  shall,  there- 
fore, confine  our  remarks  on  the  operations  of  the  carpenter 
to  a  description  of  the  principal  joints  made  use  of  in  framing. 

libers  that  hare  to  be  joined  in  the  direction  of  their 
length,  are  tearftd^  as  shown  in  fig.  83  ;  the  double  wedges. 
a  a,  serve  to  bring  the  timbers  kamt,  when  they  are  secured. 

Fig.  83. 


either  by  bolts,  as  shown  at  bb  or  by  straps,  as  at  c  e,  the 
latter  being  the  most  perfect  and  the  most  expensive  fa»- 

tp.ninir. 


tening. 

Fig.  84  shows  the  manner  of  connecting  the  foot  of  a 
principal  rafter  with  a  tie-beam.    The  bolt  here  shown  keeps 
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the  niter  in  its  place,  and  preyents  it  from  Blq>ping  awaj 
from  the  abutment  cnt  for  it,  which,  by  throwing  the  thmst 
on  the  tenon,  wodd  probably  split 
it.  The  end  of  the  rafter  should 
be  cat  with  a  square  butt,  so 
that  the  shrinkage  of  the  tim- 
ber will  not  lead  to  any  settle- 
ment. 

The  connection  of  the  foot  of 
a  king-post  with  the  tie-beam  to 
be  suspended  from  it  is  shown  in 
fig.  85. 

The  king-post  should  be  cut  somewhat  short,  to  give  the 
power  of  screwing  up  the  framing  after  the  timber  has  be- 
come folly  seasoned.  The  tie-beam  may  be  suspended  from 
the  king-post,  either  by  a  bolt,  as  shown,  or  by  a  strap  passed 
round  the  tie-beam  and  secured  by  iron  wedges  or  cotters^ 
passing  through  a  hole  in  the  king-post ;  this  last  is  the 
more  perfect,  but  at  the  same  time  the  more  expensive  of  the 
two  methods. 

Fig.  85  also  shows  the  manner  in  which  the  feet  of  the 
struts  butt  upon  the  king-post.  They  are  slightly  tenoned 
to  keep  them  in  their  places.  The  ends  of  a  strut  should  be 
out  off  as  nearly  square  as  possible,  otherwise,  when  the  tinn 
ber  shrinks,  which  it  always  does,  more  or  less,  the  thrust  is 
thrown  upon  the  edge  only,  which  splits  or  crushes  under  the 
pressure,  and  causes  settlement. 

This  is  shown  out  by  the  dotted  lines  on  the  right-hand 
side  of  the  cut.    The  dotted  lines  on  the  opposite  side  of  the 
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flgore  flhow  a  annflar  effect,  prodnced  by  the  shrinkiiig  of  ^ 
king-post,  for  which  there  is  no  prerentive  but  making  it 
of  oak,  or  some  other  hard  wood.  The  same  observations 
apply  to  the  connections  of  the  principal  raftets  with  the  top 
of  the  king-post,  which  are  managed  in  a  precisely  similar 
manner. 
In  figures  86|  8)«  and  88,  are  shown  difoent  methods 


Fig.6^ 


Fig.ffl. 


of  fixing  porlins,  which  are  sufficiently  explained  by  the 
figoresto  need  no  farther  description. 


Fig.SS. 


In  figures  44,  45,  46,  and  47,  are  shown^  the  modes  of 
firaming  the  ends  of  binding  joists  into  girders,  and  of  con- 
necting the  ceiling  joists  with  the  binders  ;  and  as  these  have 
been  already  described  under  the  head  of  "  Floors,"  it  is 
imnaceasary  here  to  say  anything  farther  on  {he  sul^ject. 
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As  a  general  nde,  all  timben  should  be  notdied  down  to 
tiiose  on  which  they  rest,  bo  as  to  preTent  their  bdng  mored 
eithw  lengthways  or  sideways.  Where  an  upright  post  has 
to  be  fixed  between  two  horiaontal  sills,  as  in  the  case  of  the 
uprights  of  a  c<MBmon  framed  partition,  it  is  simply  ten<Mied 
into  them,  and  the  tenons  secured  with  oak  pins  driven 
through  the  cheeks  of  the  mortice. 

283.  The  carpenter  requires  considerable  bodily  strength 
for  the  handling  of  the  timbers  on  which  he  has  to  work  ; 
he  should  have  a  knowledge  of  mechanics,  that  he  may  under- 
stand the  nature  of  the  strains  and  thrusts  to  which  his  work 
is  exposed,  and  the  best  method  of  prerenting  or  resisting 
them  ;  and  he  should  have  such  a  knowledge  of  working 
drawings  as  will  enable  him,  from  the  sketches  of  the 
architect,  to  set  out  the  Hnet  for  every  description  of  center* 
ing  and  framing  that  may  be  entrusted  to  him  for  execution. 

234.  In  measuring  carpenters'  work  the  tenons  are  included 
in  the  length  of  the  timber  :  this  is  not  the  case  in  Joiners' 
work,  in  which  they  are  allowed  for  in  the  price. 

The  labor  in  framing,  roofs,  partitions,  floors,  &c.,  is  either 
Talued  at  per  square  of  100  superficial  feet,  and  the  timber 
charged  for  separately,  or  the  timber  is  charged  as  "  fixed  in 
place,''  the  price  varying  according  to  the  labor  '^d  it.  as 
" cube  fir  in  bond,"  "cube  fir  framed,"  "cube  fir  wrougni 
and  framed,"  &c.  For  shoring  (  of  the  value  of  the  timber 
is  allowed  for  use  and  waste. 


JOINEB. 

235.  The  work  of  the  joiner  consists  in  framing  and 
joining  together  the  wooden  finishings  and  decorations  of 
buildings,  both  internal  and  external,  such  as  floors,  stair* 
cases,  framed-partitions,  skirtings,  solid  door  and  window 
frames,  hollow  or  eased  window  frames,  sashes  and  shutters^ 
doors,  columns  and  entablatures,  chimney-pieces,  Ac,  Ac. 
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Tfae  jollier's  work  requires  much  greater  aocoracy  «nd 
finish  than  that  of  like  carpenter,  and  differs  materii^j  firom 
it  in  being  bronght  to  a  smooth  enrfaoe  with  the  plane 
wherever  exposed  to  view,  whilst  in  carpenters'  work  the 
timber  is  left  rongh  as  it  comes  from  the  saw. 

236.  The  joiner  nses  a  great  variety  of  tools;  the  principal 
aUHfig  tools  are  $aws,  pUuus,  and  cMsds. 

Of  saws  there  are  many  rarieties,  distingnishedfrom  each 
other  by  their  shape  and  by  the  size  of  the  teeth. 

The  ripper  has  8  teeth  in  3  inches  ;  the  half -ripper  3  teeth 
to  the  inch  ;  the  hand  saw  15  teeth  in  4  inches  ;  the  pand 
saw  6  teeth  to  the  inch. 

The  tenon  saw,  nsed  for  catting  tenons,  has  abont  8  teeth 
to  the  inch,  and  is  strengthened  at  the  back  by  a  thkk  pieoe 
of  iron,  to  keep  the  blade  from  bnckling.  The  sash  saw  is 
similar  to  the  tenon  saw,  but  is  backed  with  brass  instead  of 
iron,  and  has  13  teeth  to  the  inch.  The  davetaU  saw  is  still 
smaller,  and  has  15  teeth  to  the  inch. 

Besides  the  above,  other  saws  are  nsed  for  particolar  pnr> 
poses,  as  the  compass  saw,  for  cutting  circular  work,  and  the 
key-hole eaw^fot  catting  oat  small  holes.  The  carcase  saw  is 
a  lai^ge  kind  of  dovetail  saw,  having  abont  11  teeth  to  an 
inch. 

23*1.  Planes  are  also  of  many  kinds ;  those  called  lench 
jlama-—9A  the  jack  plane^  the  trying  plane,  the  long  plane,  the 
jointer,  and  the  smoothing  plane,  are  nsed  for  bringing  the 
staff  to  a  plane  sorface.  The  jack  plane  is  aboat  18  inches 
long,  and  is  nsed  for  the  roughest  work.  The  trying  plane 
is  about  22  in.  long,  and  used  after  the  jack  plane  for  trying 
up,  that  is,  taking  off  shavings  the  whole  length  of  the  stuff ; 
whilst  in  using  the  jack  plane  the  workman  stops  at  every 
arm's-length.  The  long  plane  is  2  ft.  3  in.  long,  and  is  used 
when  a  piece  of  stuff  is  to  be  tried  up  very  straight.    The 
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jciider  is  2  ft.  6  in.  Idng,  and  is  used  for  trjmgxxpcfr^ooiwg 
the  yahUs,  in  the  same  way  as  the  trying  plane  is  nsed  for 
trying  op  the  fact  of  the  stuff.  The  smootMng  plane  is  small, 
being  only  7}  in.  long,  and  is  nsed  on  ahnost  aH  occasions 
for  cleaning  off  finished  work. 

lUbate  flames  are  used  for  sinking  rOaUi  {m  fig.  89), 

and  rary  in  their  size  and  shape  according  to  their  respective 

uses.  Rebate  planes  differ  from  bench  planes 

.^*        in  haying  no  handle  rising  out  of  the  stock, 

and  in  discharging  their  shavings  at  the  side. 

Amongst  the  rebate  planes  may  be  mentioned 

Uie  mavimg  JUHster  and  the  auh  JUUstety  the 

uses  <^  which  will  be  better  understood  by 

inq)ectioii  than  from  any  description. 

Moulding  flames  are  nsed  for  sticking  mouldings,  as  the 
operation  of  forming  mouldings  with  the  plane  is  called. 
When  mouldings  are  worked  out  with  chisels  instead  of  with 
planes,  they  are  said  to  be  worked  hff  hand.  Of  the  doss 
of  moulding  planes,  although  kept  separate  in  the  tool  chest, 
are  koUatos  and  rounds  of  yarious  sizes. 

There  are  other  kinds  of  planes  besides  the  above  ;  as  the 
fhugkf  for  sinking  a  groove  to  receive  a  projecting  tongue  ; 
the  bead  ftla/if^,  for  sticking  beads  ;  the  snift  hillf  for  forming 
quirks  ;  the  compass  plane  and  the  forkstajf  pUvnt^  for  forming 
concave  and  convex  cylindrical  surfaces.  The  shape  and  use 
of  these  and  many  other  tools  used  by  the  joiner  will  be 
better  understood  by  a  vislt^o  the  joiner's  shop  than  by  any 
verbal  description. 

238.  Ohisels  are  also  varied  in  their  form  and  use.  Some 
are  used  merely  with  the  pressure  of  the  hand,  as  the  panng 
chisel;  others,  by  the  aid  of  the  mallet,  as  the  sockei  chisd*, 
for  cutting  away  superfluous  stuff ;  and  the  mortice  chisel^  for 
cutting  mortices.    The  gouge  is  a  curved  chisel 

*  NuMd  from  the  iron  eDrming  a  socket  to  reeein  »  wooden  handle. 

84 


410  BCDOCEMTS  OF  THE 


S39.  The  joiner  ana  a  great  Tarietjr  oi  hmog  toois,  as 
tlie  hradrOMi,  gimlet,  aad  j<odi;  amdbU.  The  ]Bai  fom  but 
one  tool,  the  Jtodt  being  tiie  handle,  to  the  bottom  of  which 
maj  be  fitted  a  rarietj  of  steel  faitB  of  different  bores  and 
shapes,  for  boring  and  widening  oat  holes  in  wood  and  metal, 
as  amtUerdnks,  rimeri,  and  tofer  Mhdl  hits. 

240.  The  $em§  driver,  pimeere,  hummer,  maUet,  iaidki,  and 
adze,  ace  too  wdl  known  to  need  description. 

The  gauge  is  nsed  for  drawing  lines  on  a  piece  of  stuff 
parallel  to  one  of  its  edges. 

The  heiuhfB  one  of  the  most  important  of  the  joiner's  im- 
plements. It  is  ftmiiahed  with  a  yertical  tiddward,  perfo- 
rated with  diagonal  ranges  of  holes,  which  reodTe  the 
bench  pin  on  which  to  rest  the  lower  end  of  a  piece^of  stuff 
to  be  planed,  whilst  the  upper  end  is  firmly  clamped  by  the 
lench  screw. 

The  miire  box  is  nsed  for  catting  a  piece  of  staff  to  a  miirt 
or  angle  of  46  degrees  with  one  of  its  sides. 

The  joiner  uses  for  setting  out  and  fixing  his  work — the 
stra^ht  edge,  the  square,  the  bevel  or  square  with  a  shifting 
blade,  the  mitre  square,  the  level,  and  the  plumb  rule. 

In  addition  to  the  tools  and  implements  above  enumerated, 
the  execution  of  particular  kinds  of  work  require  other  arti- 
cles, as  cylinders,  templets,  cramps,  &c., 
Fig.  90.  the  description  of  which  would  unneces- 

3  sarily  extend  the  limits  of  this  volume. 

L^  I  The  principal  operations  of  the  joiner 

^^^.  are  sawing,  planing,  dovetailing,  mortis- 

p-|UW  ,  ,  „  ing,  and  scribing. 

I  I  The  manner  of  forming  a  davetaU  is 

I  I  shown  in  ^g  90.    The  projecting  part,  a, 

is  called  the  pifn,  »nd  the  hole  to  recdve  it  is  called  the 


AST  or  BUUJ)ING. 


4U 


Ftg.  91. 


if  shown  in  fig.  91  ;  the  projeetiiig  (Meee  k 
called  the  Ufiio%  and  the  hole 
formed  to  receive  it  the  mortice. 
The  tenon  is  sometimes  pinned  in 
its  place  with  oak  pins  driven 
through  the  cheeks  of  the  mor- 
tice ;  bat  in  forming  doors,  shat- 
ters, &c.,  the  tenon  is  secured 
with  tapering  wedges  driyen  into 
the  mortice,  which  is  cat  slightly 
wider  at  the  top  than  at  the  bottom,  the  adhesion  of  the 
glne  with  which  the  wedges  are  first  rnbbed  over,  making  it 
impossible  for  the  tenon  afterwards  to  draw  oat  of  its  place. 
241  Joints  in  the  length  of  the  stafTmay  be  either  sqaare, 
•8  at  a,  fig.  92,  or  rebated,  as  at  b,  or  grooved  and  tongaed, 

Fig.n. 


c  d 

as  at  e,  or  grooved  on  each  edge  and  a  tongae  let  in,  as  at  d, 

242.  Scribing  is  the  drawing  on  a  piece  of  staff  the  exact 
profile  of  some  irregnlar  sarface  to  which  it  is  to  be  made  to 
fit :  this  is  done  with  a  pair  of  compasses,  one  leg  of  which  is 
made  to  travel  the  irregnlar  sarface,  the  other  to  describe  a 
line  parallel  thereto  along  the  edge  of  the  staff  to  be  cat. 

248.  In  the  ezecntion  of  circular,  or,  as  it  is  termed,  swe^ 
work,  there  are  foor  different  methods  by  which  the  staff  can 
be  brought  to  the  required  curve : — 

1st.  It  may  be  steamed  and  bent  into  shape. 

2nd.  It  may  be  glued  up  in  thicknesses,  as  shown  in  fig. 


Fig.9B. 


93,  which  must,  when  thoroughly 
dry,  be  planed  true,  and,  if  not  to 
to  be  painted,  covered  with  a  thin 
veneer  bent  round  it. 

3rd.    It  may  be  formed  in  thin 
thicknesses,  as  shown  in  fig,  94, 
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beBtronndandgliiediipin  smookL    This  may  be 
ad  the  most  perfect  of  all  the  methods  in  use. 


Fig,  94. 


Fig.  95. 
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Lastly.  It  may  be  formed  by  sawing  a  number  of  notches 
on  ODe  side,  as  shown  in  fig.  95,  by  which  means  it  becomes 
easily  bent  in  that  direction,  but  the  curve  produced  by  this 
means  is  very  irregular,  and  it  is  an  inferior  mode  of  execo- 
tion  compared  to  the  others. 

When  a  number  of  boards  are  secured  together  by  cross- 
pieces  or  Udgts  nailed  or  screwed  at  the  back,  the  work 
is  said  to  be  Udged  {ste  fig.  96). 
Ledged  work  is  used  for  common 
purposes,  as  cellar  doors,  outside 
shutters,  &c. 

Framed  work  (fig.  91),  consists  of 
styles  and  rails  mortised  and  tenoned 
together,  and  filled  in  with  pannel% 
the  edges  of  which  fit  in  grooves  cat 
in  the  styles  and  rails. 
Work  is  said  to  be  damped  when  it  is  prevented  from 
warping  or  splitting  by  a  rail  at  each  end,  as  in  fig.  98  ;  if 
the  ends  of  the  rail  are  cut  off,  as  shown 
at  a,  it  is  said  to  be  mitre  clamped. 

There  are  two  ways  of  laying  floors 
practised  by  joiners.  In  laying  what  is 
called  a  straight  joint  floor,  firom  the 
joints  between  the  boards  running  in  an 
unbroken  line  firom  wall  to  wall,  each 
board  is  laid  down  and  nailed  in  succes- 
sion, being  first  forced  firmly  against  the  one  last  laid  with 
a  flooring  cramps 
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Folding  floors  are  laid  bj  naUing  down  first  every  fifth 
board  rather  closer  together  than  the  united  widths  of  fonr 
boards,  and  forcing  the  intermediate  ones  into  the  space 
left  for  them  by  jumping  over  them  ;  this  method  of  laying 
floors  is  resorted  to  when  the  stuff  is  imperfectly  seasoned 
and  is  expected  to  shrink,  but  it  should  never  be  allowed  in 
good  work. 

The  narrower  the  stuff  with  which  a  floor  is  laid  the  less 
will  the  joints  open,  on  account  of  the  shrinkage  being  dis- 
tributed over  a  greater  number  of  joints. 

The  floor  boards  may  be  nailed  at  their  edges  and  grooved 
and  tongued  or  dowelled,  if  it  be  wished  to  make  a  very 
perfect  floor.  Dowelling  is  far  superior  to  grooving  and 
tonguing,  because  the  cutting  away  the  stuff  to  receive  the 
tongue  greatly  weakens  the  edges  of  the  joint,  which  are 
apt  to  curl. 

244.  Glue  Is  an  article  of  great  importance  to  the  joiner  ; 
the  strength  <^  his  work  depending  much  upon  its  adhesive 
properties. 

The  best  glue  is  made  from  the  skins  of  animals ;  thai 
from  the  sinewy  or  homf  parts  being  of  inferior  quality. 
The  strength  of  the  glue  increases  with  the  age  of  the  anir 
mals  from  which  the  skins  are  taken. 

Joiners'  work  is  measured  by  the  superficial  foot,  .accord- 
ing to  its  description. 

Floors  by  the  square  of  100  superficial  feet 

Handrails,  small  mouldings,  water-trunks,  and  similar 
articles,  per  lineal  foot. 

Cantilevers,  trusses,  cut-brackets,  scrolls  to  handrails,  Ac^ 
are  valued  per  piece. 

Ironmongery  is  charged  for  with  the  work  to  which  it  la 
attached  ;  the  joiner  being  allowed  20  per  cent,  profit  upon 
the  prime  cost. 

The  principal  articles  of  ironnumgery  used  in  a  building 
consist  of  nails  and  screws,  sash  puUies,  boUs,  kmges,  locks^ 
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hkhei,  and  $€Lsh  shutter  fumiiwre,  besides  a  great  rarietj  of 
miscellaneons  articles,  which  we  have  not  space  to  enmnerate 

Of  the  different  kinds  of  hinges  may  be  mentioned  Aook  and 
eye  hinges,  for  gates,  coach-hoose  doors,  &c.;  hutts  and  hods' 
flaps,  for  doors  and  shntters  ;  crosss-gamels  of  H  form,  which 
are  nsed  for  hanging  ledged  doors,  and  other  inferior  work  ; 
^  and  H—  hinges,  whose  name  is  derived  from  their  shape  ; 
and  pa/rUament  hinges. 

Besides  these  are  nsed  Hsmg  hUts^  for  hanging  do<»8  to 
rise  over  a  carpet,  or  other  impediment ;  projedifig  butts, 
used  when  some  projection  has  to  be  cleared,  and  spring 
hinges  and  stoing  centres  for  self-shntting  doors. 

The  Tariety  of  locks  now  manufactured  is  almost  infinite. 
We  may  mention  the  stock  lode,  cased  in  wood,  for  common 
work.  Bim  locks  which  have  a  metal  case  or  rim,  and  are 
attached  to  one  side  of  a  door :  they  should  not  be  used 
when  a  door  has  sufficient  thickness  to  allow  of  a  mortice 
lock,  as  they  often  catch  the  dresses  of  persons  passing 
through  the  doorway.  Mortice  locks,  as  the  name  implies, 
are  those  which  are  morticed  to  the  thickness  of  a  door. 

The  handles  and  escutcheons  are  called  the  furniture  of  a 
lock,  and  are  made  of  a  great  variety  of  materials,  as  brass, 
bronze,  ebony,  ivory,  glass,  &c. 

Of  latches,  there  are  the  coomion  thumb  latch,  the  how 
latch,  with  brass  knobs,  the  brass  pulpit  latch  and  the  inertia 
latch. 

The  sawyer  is  to  the  carpenter  and  joiner  what  the  ston^ 
cutter  is  to  the  mason. 

The  pit  saw  is  a  large  two-handed  saw  fixed  in  a  frame, 
and  moved  up  and  down  in  a  vertical  direction,  by  two  men, 
called  the  top-man  and  the  pit-man;  the  first  of  whom  stands 
on  the  tunber  that  is  to  be  cut,  the  other  at  the  bottom  of 
the  saw  pit.  The  timber  is  lined  out  with  a  chalk  line  on  its 
upper  surface,  and  the  accuracy  of  the  work  depends  mainly 
on  the  top-man  keeping  the  saw  to  the  line,  whence  the  pro* 
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Terbial  expression  iop  sawer,  meaning  one  who  directs  anj 
undertaking. 

In  sawing  np  deals  and  battens  into  thicknesses  for  the 
joiner's  nse,  the  parallelism  of  the  cuts  is  of  the  ntmost  im-. 
portance,  as  the  operation  of  toHng  out  of  windings  a  piece 
of  nneven  stnif,  canses  a  considerable  waste  of  material,  and 
much  loss  of  time. 

Circular  saws,  moved  bj  steam-power,  are  now  mnch  used 
in  large  establishments,  timber  yards,  &c.,  and  efifect  a  great 
sayii^  of  labor  over  the  nse  of  the  pit  saw,  where  the  tim- 
bers to  be  cnt  are  not  too  heavy  to  be  easily  handled.  The 
saw  is  monnted  in  the  middle  of  a  stoat  bench,  furnished 
with  guides,  by  means  of  which  the  staff  to  be  cnt  is  kepi  in 
the  required  direction,  whilst  it  is  pushed  against  the  saw, 
which  is  the  whole  of  the  manual  labor  required  in  the  ope- 
ration. 

SUlTXB. 

245.  The  bnsiness  of  the  slater  consists  chiefly  in  covering 
the  roofs  of  houses  with  slates,  but  it  has  of  late  years  being 
very  mnch  extended  by  the  general  iotrodnction  of  sawn 
slate,  as  a  material  for  shelves,  cisterns,  baths,  chimney- 
pieces,  and  even  for  ornamental  purposes. 

We  propose  here  to  describe  only  those  operations  of  the 
slater  which  have  reference  to  the  covering  of  roofe. 

246.  Besides  the  tools  which  are  in  use  among  other  arti- 
ficers, the  slater  uses  one  peculiar  to  his  trade  called  the  zax, 
which  is  a  kind  of  hatchet,  with  a  sharp  point  at  the  back. 
It  is  used  for  trimming  slates,  and  making  the  holes  by 
which  they  are  nailed  in  their  places. 

247.  Slates  are  laid  either  on  boarding  or  on  narrow  bat- 
tens, from  %  to  3  inches  wide,  the  latter  being  the  more 
common  method,  on  account  of  its  being  less  expensive  than 
the  other. 

The  nails  used  should  be  either  copper  or  sine;  iron  nails, 
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tfaongb  flometunes  used,  being  objectionable,  from  their  lia- 
bHitj  to  nut. 

Every  elate  should  be  fastened  with  two  nails,  ezcqpt  in 
the  most  inferior  work. 

The  upper  surface  of  a  slate  is  called  its  bade,  the  nnder 
ffufaoe  the  bed  the  lower  edge  the  tail,  the  upper  edge  the 
head.  The  part  of  each  course  of  slates  exposed  to  view  is 
called  the  ma/rgin  of  the  course,  and  the  width  of  the  margin 
is  called  the  gauge. 

The  bond  or  iap  is  the  distance  which  the  lower  edge  of 
any  course  overlaps  the  slates  of  the  second  course  below, 
measoring  from  the  naQ-hole. 

In  preparing  slates  for  use,  the  sides  and  bottom  edges 
are  trimmed,  and  the  nail-holes  punched  as  near  the  head  as 
can  be  done,  without  risk  of  breaking  the  slate,  and  at  a 
uniform  distance  from  the  tail. 

The  lap  hating  been  decided  on,  the  guage  will  be  equal 
to  half  the  distance  from  the  tail  to  the  nail-hole,  less  the  lap. 
Thus  a  countess  slate,  measuring  19  in.  from  tail  to  nail,  if 

19  in.— 3  in. 
laid  witha  8 in.  lap,  would  show  amargin of = 


8  m.  (S^  figs.  99.  100.) 
Fig.  99. 


Fig,  100. 


The  battens  are  of  course  nuled  on  the  rafters  at  the 
gouge  to  which  the  slate  will  work.  If  the  slates  are  of 
different  lengths,  they  must  be  sorted  into  sizes,  and  gauged 
accordingly,  the  smallest  sizes  being  placed  nearest  the  ridge. 
The  lap  should  not  be  less  than  2,  and  need  not  exceed  3  in. 
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It  18  essential  to  the  soandness  as  well  as  the  appearance 
of  slaters'  work,  that  the  slates  should  all  be  of  the  same 
width,  and  the  edges  perfectly  tme. 

The  Welsh  slates  are  considered  the  best^  and  are  of  a 
light  skj  bine  color.  The  Westmoreland  slates  are  of  a  doU 
greenish  hue. 

248.  Slaters'  work  is  measored  bj  the  square  of  100  su- 
perficial feet,  allowances  being  made  for  the  trouble  of  cut- 
ting the  slates  at  the  hips,  eaves,  round  chimneys,  &c. 

Slabs  for  cisterns,  baths,  shelves,  and  other  sawn  work, 
are  charged  per  superficial  foot,  according  to  the  thickness 
of  the  slab  and  the  labor  bestowed  on  the  work. 

Rubbed  edges,  grooves,  &c.,  are  charged  per  lineal  foot. 

TahU  of  Sizes  of  Roofing  SlaU$. 


SiM. 

Arerage 
fnTe.*" 

No.  of 

Wright 

p«r  laoo 
Intonji. 

No.  n- 
quirvd 

No.  of 
nails 

nsKwnos. 

120O  wUl 
corer. 

to  corer 

one 
square. 

required 
to  one 
■quare. 

Length. 

BrMdth. 

ft. 

in. 

ft.    In 

Doubles  .  . 

1 

1 

0    6 

^)4 

2 

% 

480 

480 

Ladies  .  .  . 

1 

4 

0    8 

7 

4^ 

IH 

280 

280 

Oountesses 

1 

8 

0  10 

9 

7 

2 

176 

352 

Duchesses 

2 

0 

1    0 

10>i 

10 

3 

127 

254 

Imperials   . 

2 

6 

2    0 

Bi^  and 
Queens 

3 

0 

2    0 

>a  ton  will  cover  2>^  to  2%  squares. 

•Westmoie- 

lands,  of 
varions 

do.           a                  do. 

siM. 

loch  slab  per  superficial  weighs  14  lbs. 
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249.  The  work  of  the  plasterer  consists  in  covering  the 
brickwork  and  naked  timber  walls,  ceilings,  and  partitions 
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with  plaster,  to  prepare  them  for  paintuig,  paperiog,  or  di^ 
tempering;  and  in  forming  cornices,  and  such  decoratire 
portions  of  the  finishings  of  bnildings  as  may  be  required  to 
be  executed  in  plaster  or  cement. 

250.  The  plasterer  nses  a  variety  of  tools,  of  which  the 
following  are  the  principal  ones  : — 

The  drag  is  a  three-pronged  rake,  nsed  to  mix  the  hair 
with  the  mortar  in  preparing  coarse  stuff. 

The  hawk  is  a  small  square  board  for  holding  stuff  on, 
with  a  short  handle  on  the  under  side. 

Trowels  are  of  two  kinds,  the  laymg  and  smootHtig  tod, 
^ith  which  the  first  and  the  last  coats  are  laid,  and  the 
gauging  trowd,  used  for  gauging  fine  stuff  for  cornices,  &c.  \ 
these  are  made  of  various  sizes,  from  3  to  t  in.  long. 

Of  floats f  which  are  used  in  floating,  there  are  three  kinds, 
viz.,  the  Derby,  which  is  a  rule  of  such  a  length  as  to  require 
two  men  to  use  it ;  the  hand  floai,  which  is  used  in  finishing 
stucco ;  and  the  quirk  float,  which  is  used  in  floating 
angles. 

Moulds,  for  running  cornices,  are  made  of  sheet  copper, 
cut  to  the  profile  of  the  moulding  to  be  formed,  $md  fixed  in 
a  wooden  frame. 

Stopping  and  picking  out  tools  are  made  of  steel,  7  or  8  in. 
long,  and  of  various  sizes.  They  are  used  for  modeling, 
and  for  finishing  mitres  and  returns  to  cornices. 

261.  MiUerials.-^Coarse  stuff,  or  lime  and  hair,  as  it  is 
usually  called,  is  similar  to  common  mortar,  with  the  addition 
of  hair  from  the  tanners'  yard,  which  is  thoroughly  mixed 
with  the  mortar  by  means  of  the  drag. 

Fine  stuff  is  made  of  pure  lime,  slaked  with  a  small 
quantity  of  water,  after  which,  sufficient  water  is  added  to 
bring  it  to  the  consistence  of  cream. 

It  is  then  allowed  to  settle,  and  the  superfluous  water 
being  poured  off,  it  is  left  in  a  binn  or  tub  to  remain  in  a 
semifluid  state  until  the  evaporation  of  the  water  has  brought 


ART   OP  BUtLDINa.  4^9 

tt  to  ft  pr<q)er  thickness  for  use.  In  using  fine  staff  for 
settii^  ceilings,  a  small  portion  of  white  hair  is  mixed 
with  it. 

Stucco  is  made  with  fine  stuff,  and  clean-washed  sand.  This 
is  used  for  finishing  work  intended  to  be  painted. 

Crau-ged  stuff'  is  formed  of  fine  stuff  mixed  with  plaster  of 
Paris,  the  proportion  of  plaster  yarjing  according  to  the 
rapidity  with  which  the  work  is  required  to  set.  Gauged 
stuff  is  used  for  running  cornices  and  mouldings. 

Enrichments,  such  as  pateras,  centre  flowers  for  ceilings, 
&c.,  are  Grst  modeled  in  clay,  and  afterwards  cast  of  plaster 
of  Paris  iu  wax  or  plaster  moulds.  Papier  mache  ornaments 
also  are  much  used,  and  have  >he  adrantage  of  being  very 
light,  and  being  easily  and  securely  fixed  with  screws. 

The  variety  of  compositions  and  cements  made  use  of  by 
the  plasterer  is  very  great.  Roman  cement,  Portland  cement, 
and  lias  cement,  are  the  principal  ones  used  for  coating  build- 
ings externally.  Martin's  and  £eene's  cements  are  well 
adapted  for  all  internal  plastering  where  sharpness,  hardness, 
and  delicate  finish  are  required. 

252.  Operatiow  of  Plastering. — Whei^  brick-work  is 
plastered,  the  first  coat  is  caUed  rertdering. 

In  plastering  ceilings  and  partitions,  the  first  operation  is 
laihmg.  This  is  done  with  single,  one  and  a  half,  or  double 
laths;  these  names  denoting  their  respective  thicknesses. 
Laths  are  made  of  wood;  if  hard  wood,  wrought  iron 
nails  are  used,  but  cast  iron  may  be  employed  with  soft 
wood.  The  thickest  laths  are  used  for  ceilings,  as  the  strain 
on  the  laths  is  greater  in  a  hori^ntal  than  in  an  upright 
position. 

Pricking  up  is  the  first  coat  of  plastering  of  course  stuff 
npon  laths  ;  when  completed,  it  is  well  scratched  over  with 
the  end  of  a  lath,  to  form  a  key  for  the  next  coat. 

Laid  work  consists  of  a  simple  coat  of  coarse  staff  over  a 
wall  or  ceiling. 
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Tw^'coat  mrk  is  ft  chei^  description  of  plflsteriDg^  ia 
which  the  first  coat  ie  only  roughed  oyer  with  a  broom,  and 
afterwards  set  with  fine  staif,  or  with  ganged  stuff  in  the 
better  descriptions  of  work. 

The  laying  on  of  the  second  coat  of  postering  is  called 
fioiUimg,  from  its  being  floated,  or  brought  to  a  plane  surface 
with  the  float. 

The  operation  of  floating  is  performed  bj  snrronnding  the 
surface  to  be  floated  with  narrow  strips  of  plastering,  called 
screeds,  brought  perfectly  npright,  or  lerel,  as  the  case  may 
be,  with  the  leyel  or  plmnb-mle  ;  thus,  in  preparing  for 
floating  a  ceiling,  nails  are  driven  in  at  the  angles,  and  along 
the  sides,  about  10  ft.  apart,  and  carefully  ai^yusted  to  a 
horizontal  plane,  by  means  of  the  level  Other  nails  are 
then  adjusted  exactly  opposite  to  the  first,  at  a  distance  of 
7  or  8  in.  from  them.  The  space  between  each  pair  of  nails 
is  filled  up  with  coarse  stuff,  and  leveled  with  a  hand  float ; 
this  operation  forms  what  are  caUed  dots.  When  the  dots 
are  sufficiently  dry,  the  spaces  between  the  dots  are  filled  up 
flush  with  coarse  stuff,  and  floated  perfectly  true  with  a  float- 
ing rule;  this  operation  forms  a  screed^  and  is  continned  until 
the  ceiling  is  surrounded  by  one  continuous  screed,  perfectly 
level  throughout.  Other  screeds  are  then  formed,  to  divide 
the  work  into  bays  about  8  ft.  wide,  which  are  successively 
filled  up  flush,  and  floated  level  with  the  screeds. 

The  screeds  for  floating  walls  are  fcmned  in  exactly  the 
same  manner,  except  that  they  are  adjusted  with  the  plumb- 
rule  instead  of  the  level. 

After  the  work  has  been  brought  to  an  even  surface  with 
the  floating  rule,  it  is  gone  over  with  the  hand  float,  and  a 
little  soft  stuff,  to  make  good  any  deficiencies  that  may 
appear. 

The  operation  of  forming  screeds  and  floating  work,  which 
is  not  either  vertical  or  horizontal,  as  a  plaster  floor  laid 
with  a  fall,  is  analogous  to  that  of  tiding  the  face  of  a  stone 
cat  of  winding  with  chisel-drafts  and  straight  edges  in  stone- 
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osttuig ;  Ae  principle  being  in  each  case  to  find  three  pomta 
in  the  same  plane,  from  which  to  extend  operations  orer  the 
whole  surface. 

Setiing, — ^When  the  floating  is  about  half  dry,  the  setting 
or  finishing  coat  of  fine  stuff  is  laid  on  with  the  smoothing 
trowel,  which  is  alternately  wetted  with  a  brush  and  worked 
over  with  the  smoothing  tool,  until  a  fine  surface  is  obtained. 

Stucco  is  laid  on  with  the  largest  trowel,  and  worked  over 
with  the  hand  float,  the  work  being  alternately  sprinkled 
with  water,  and  floated  until  it  becomes  hard  and  compact, 
after  which  it  is  finished  by  rubbing  it  over  with  a  dry  stock 
brush. 

The  water  has  the  effect  of  hardening  the  face  of  the 
stucco,  so  that,  after  repeated  sprinklings  and  trowelings,  it 
becomes  very  hard,  and  smooth  as  glass. 

253.  The  above  remarks  may  be  briefly  summed  up  as 
follows.  The  commonest  kind  of  work  consists  of  only  one 
coat,  and  is  called  rendering,  on  brick-work,  and  laying,  if 
on  laths.  If  a  second  coat  be  added,  it  becomes  two-coat 
work,  as  render-set,  or  lath  lay  and  set.  When  the  work  is 
floated,  it  becomes  three-coat  work,  and  is  render,  float,  and 
set,  for  brick-work,  and  lath,  lay,  float,  and  set,  for  ceilings 
and  partitions  ;  ceilings  being  set  with  fine  stuff,  with  a  little 
white  hair,  and  walls  intened  for  paper  with  fine  stuff  and 
sand  ;  stucco  is  used  where  the  work  is  to  be  painted. 

Rough  sttuxo  is  a  mode  of  finishing  staircases,  passages, 
&c.,  in  imitation  of  stone.  1^  is  mixed  with  a  large  propor* 
tion  of  sand,  and  that  of  a  coarser  quality  than  troweled 
stucco,  and  is  not  smoothed,  but  left  rough  from  the  hand 
float,  which  is  covered  with  a  piece  of  felt,  to  raise  the  grit 
of  the  sand,  to  give  the  work  the  appearance  of  stone. 

Rough  cast  is  a  mode  of  finishing  outside  work,  by  dash- 
ing over  the  second  coat  of  plastering,  whilst  quite  wet,  a 
layer  of  rough-cast,  composed  of  well-washed  gravel,  mixed 
up  with  pure  lime  and  water,  till  the  whole  is  in  a  semifluid 
state. 
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Pugging  is  liniog  the  spaces  between  floor  joists  inA 
coarse  stnlT,  to  prerent  the  passage  of  sonnd,  or  between  two 
stones,  and  is  done  on  laths  or  rough  boarding. 

In  the  midland  districts  of  England,  reeds  are  much  used 
Instead  of  laths,  not  only  for  ceilings  and  partitions,  bnt  for 
floors,  which  are  formed  with  a  thick  layer  of  coarse  ganged 
stuff  upon  reeds.  Floors  of  this  kind  are  extensirely  used 
about  Nottingham ;  and,  from  the  security  against  fire 
afforded  by  the  absence  of  wooden  floors,  Nottingham  houses 
are  proverbially  fire-proof. 

254.  Plasterer's  work  is  measured  by  the  siq)erficial  yard  ; 
cornices  by  the  superficial  foot ;  enrichments  to  cornices  by 
the  lineal  fool ;  and  centre  flowers  and  other  decorations  at 
per  piece. 

MElfORANDA. 

LatkiMg. — One  bundle  of  laths  and  384  nails  wUl  coyer  5 
yards. 

Mendering, — 18*ZJ  yards  require  IJ  hundred  of  lime,  2 
double  loads  of  sand,  and  5  bushels  of  hair. 

Floating  requires  more  labor,  but  only  half  as  much 
material  as  rendering. 

Setting. — 375  yards  require  IJ  hundred  of  lime,  and  5 
bushels  of  hair. 

Render  set. — 100  yards  require  1}  hundred  of  lime,  1 
double  load  of  sand,  and  4  .bushels  of  hair.  Plasterer, 
laborer,  and  boy,  3  days  each. 

Lathy  lay,  and  set, — 130  yards  of  lath,  lay,  and  set,  require 
1  load  of  laths,  10,000  nails,  2}  hundred  of  lime,  1^  double 
load  of  sand,  and  7  bushels  of  hair.  Plasterer,  laborer,  and 
boy,  6  days  each. 

SMITH   AND   mONFOUNDER. 

255.  The  smith  furnishes  the- various  articles  of  wrought, 
iron  work  used  in  a  building ;  as  pileshoes,  straps,  screw* 
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bolts,  dog-irons,  chimney  bars,  gratings,  wronght-iron  rafl* 
ing,  and  wronght^ron  balustrades  for  staircases.  Wrought 
iron  was  formerly  mnch  used  for  many  purposes,  for  which 
cast  iron  is  now  almost  exclusively  employed  ;  the  improve- 
ments  effected  in  casting  during  the  present  century  having 
made  a  great  alteration  in  this  respect. 

The  operations  of  the  ironfounder  have  been  described  in 
Section  II.  of  this  volume,  and  therefore  we  have  only  here 
to  enumerate  some  of  the  principal  articles  which  are 
furnished  by  him. 

Besides  cast-iron  columns,  girders,  and  similar  articles 
which  are  cast  to  order,  the  founder  supplies  a  great  variety 
of  articles  which  are  kept  in  store  for  immediate  use  ;  as 
cast-iron  gratings,  balconies,  rain-water  pipes  and  guttering, 
air  traps,  coal  plates,  stoves,  stable  fittings,  iron  sashes,  &c. 

Both  wrought  and  cast-iron  work  are  paid  for  by  weight, 
except  small  articles  kept  in  store  for  immediate  use,  which 
are  valued  per  piece. 

llM. 

One  cubic  foot  of  cast  iron  weighs  about  450 
Ditto  wrought  „  415 

Ditto  closely  hammered  485 

256.  The  Coppersmith  provides  and  lays  sheets  of  copper 
for  covering  roofs ;  copper  gutters,  and  rainwater  pipes  ; 
washing  and  brewing  coppers  ;  copper  cramps  and  dowels 
for  stonemasons'  work ;  and  all  other  copper  work  in  a 
building;  but  the  cost  of  the  material  in  which  he  works 
prevents  its  general  use ;  and  the  washing  copper  is  fre- 
quently the  only  part  of  a  building  which  requires  the  aid 
of  this  artificer.  Sheet  copper  is  paid  for  by  the  superficial 
foot,  according  to  vfeight,  and  pipes  and  gutters  per  lineal 
foot ;  copper  in  dowels,  bolts,  &c.,  at  per  pound. 

257.  Warming  apparatus ^  steam  and  gas  fittings ^  and  simi* 
lar  kinds  of  work,  are  put  up  by  the  mechanical  engineer, 
who  also  manuiEKtures  a  great  variety  .of  articles,  which  are 


424  BDDIMSlfTS   OF  THJS 

pforchased  in  -parts,  and  pnt  together  and  fixed  by  fhe 
plumber,  as  pumps,  taps,  water-closet  apparatus,  &c. 

258.  The  heUrhamger  provides  and  hangs  the  bells  required 
for  commnnlcating  between  the  different  parts  of  a  building, 
and  connects  them  with  their  yuUs^  or  handles,  by  means  of 
cranks  and  wires. 

The  action  of  the  pnll  upon  the  bell  should  be  as  direct, 
and  effected  with  as  few  cranks  as  possible  ;  and  the  cranks 
and  wires  should  be  concealed  from  view,  both  to  protect 
them  from  injury,  and  on  account  of  their  unsightly  appear- 
ance. 

In  all  superior  work,  the  wires  are  conducted  along  con- 
cealed tubes,  fixed  to  the  walls  before  the  plasterer's  work 
is  commenced.  The  simplest  way  of  arranging  the  wires  is 
to  oarry  them  up  in  separate  tubes  to  the  roof,  where  they 
may  all  be  conducted  to  one  point,  and  brought  down  a 
chase  in  the  walls  to  the  part  of  the  basement  where  the 
bells  are  hung,  By  this  means  very  few  cranks  are  required, 
and  a  broken  wire  can  be  replaced  at  anjr  time  without 
trouble. 

259.  Bell-hangers'  work  is  paid  for  by  the  number  of  bells 
hung  ;  the  price  being  determined  by  the  manner  in  which 
the  work  is  executed.  Thefumitwre  to  the  pulls  is  charged 
in  addition,  at  per  piece. 

PLUMBER. 

260.  The  work  of  the  plumber  chiefly  consists  in  laying 
sheet  lead  on  roofs,  lining  cisterns,  laying  on  water  to  the 
diffBrent  parts  of  a  buUding,  and  fixing  up  pumps  and  water 
closets. 

261.  The  plumber  uses  but  few  tools,  and  those  are  of  a 
simple  character  ;  the  greater  number  of  them  being  similar 
to  those  used  by  other  artificers,  as  hammers^  mallets,  planes, 
(MteU,  gouges,  files,  &c.    The  principal  tool  peculiar  to  the 
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trade  uf  the  plumber  is  the  hat,  which  is  made  of  beech, 
about  18  in.  long,  and  is  used  for  dressing  and  flattening 
sheet  lead.  For  soldering  also  the  plumber  nses  iron  ladles, 
of  rarions  sizes,  for  melting  solder,  and  grazing  irons,  for 
smoothing  down  the  joints. 

262.  The  sheet  lead  used  bj  the  plumber  is  either  cast  or 
nulled,  the  former  being  generally  cast  by  the  plumber  him- 
self out  of  old  lead  taken  in  exchange  ;  whilst  the  latter, 
which  is  east  lead,  flattened  out  between  rollers  in  a  flatting 
mill,  is  purchased  from  the  manufacturer.  Sheet  lead  is  de- 
scribed according  to  the  weight  per  superficial  foot,  as  5-lb. 
lead,  6-lb.  lead,  &c. 

Lead  pipes,  if  of  large  diameter,  are  made  of  sheet  lead, 
dressed  round  a  wooden  core,  and  soldered  up. 

Smaller  pipes  are  cast  in  short  lengths,  of  a  thickness 
tiiree  or  four  four  times  that  of  the  intended  pipe,  and  either 
drawn  or  rolled  out  to  the  proper  thickness. 

Soft  Solder  is  used  for  uniting  the  joints  of  lead-work. 
It  is  made  of  equal  parts  of  lead  and  tin,  and  is  purchased 
of  the  manufacturer  by  the  plumber,  at  a  price  per  lb.,  ac- 
cording to  the  state  of  the  market. 

263.  Laying  of  Sheet  Lead, — In  order  to  secure  lead- 
work  from  the  injurious  effects  of  contraction  and  expansion, 
when  exposed  to  the  heat  of  the  sun,  the  plumber  is  careful 
not  to  confine  the  metal  by  soldered  joints  or  otherwise. 
All  sheet  lead  should  be  laid  to  a  sufficient  current,  to  keep 
it  dry  ;  a  fall  of  1  in.  in  10  ft.  is  sufficient  for  this  purpose^ 
if  the  boarding  on  which  the  lead  is  laid  be  perfectly  eyen. 
Joints  in  the  direction  of  the  current  are  made  by  dressing 
the  edges  of  the  lead  over  a  wooden  roll,  as  shown  in  fig. 
101. 

Joints  in  the  length  of  the  current  are  made  with  dnpSf 
as  shown  on  the  left-  hand-side  of  fig.  102. 
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Fig.  101.  Ft^,  102. 


Flashings  are  pieces  of  lead  turned  dotcn  over  the  ed^i^es  of 
the  other  lead-work,  which  is  turrud  up  against  a  wall,  as 
shown  on  the  right-hand  side  of  fig.  102,  and  ser?e  to  keep 
the  wet  from  finding  its  way  between  the  wall  and  the  lead. 
The  most  secure  way  of  fixing  them  is  to  build  them  into 
the  joints  of  the  brickwork,  but  the  common  method  is  to 
insert  them  about  an  inch  into  the  mortar  joint,  and  to  secure 
them  with  wall  hooks  and  cement     {Set  fig.  102.) 

264.  A  rery  important  part  of  the  business  of  the  plumber 
consists  in  fitting  up  cisterns,  pumps,  and  water-closet  appa- 
ratus, and  in  laying  the  different  services  and  wastes  con- 
nected with  the  same. 

265  Plumber's  work  is  paid  for  by  the  cwt.,  milled  lead 
being  rather  more  expensive  than  cast 

Lead  pipes  are  charged  per  foot  lineal,  according  to  size. 

Pumps  and  water-closet  apparatus  are  charged  at  so  much 
each,  according  to  description ;  as  also,  basins,  air  traps, 
washers  and  plugs,  spindle  valves,  stop-cocks,  ball-cocks,  &c. 

Table  of  the  Weight  of  Lead  Pijpes,  par  yard. 
^  inch 

I 
1 

u 

2 


lb. 

3 

01. 

8 

6 

7 

8 

0 

11 
14 

0 

0 

31 

0 

ZINC   WORKEB. 


266.  The  use  of  sheet  lead  has  been  to  a  certain  extent 
superseded  by  the  use  of  sheet  zinc,  which,  firom  its  cheap- 
ness and  lightness,  is  very  extensively  used  fbr  almost  all 
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porpofies  to  wbidi  &eet  lead  is  applied.  It  is,  however,  a 
rerj  inferior  material,  and  not  to  be  depended  npon.  The 
laying  of  it  is  generally  executed  by  the  plnmber  ;  bat  the 
working  of  zinc,  and  manofactoring  of  it  into  gutters,  rain- 
water pipes,  chimney  cowls,  and  other  articles,  is  practised 
as  a  distinct  business. 

OLAZISR. 

26).  The  business  of  the  glazier  consists  in  cutting  glass, 
and  fixing  it  into  lead-work,  or  sashes.  The  former  is  the 
oldest  description  of  glazing,  and  is  stil]  used,  not  only,  for 
cottage  v^  iiidows,  and  inferior  work,  but  for  church  windows, 
and  glazing  with  stained  glass,  which  is  cut  into  pieces  of 
the  required  size,  and  set  in  a  leaden  framework  ;  this  kind 
of  glazing  \B^CQl\ed  frdwork. 

268.  Glazing  m  sashes  is  of  comparatiyely  modem  intro- 
duction. The  sash-bars  are  formed  with  a  rebate  on  the  out- 
side, for  the  reception  of  the  glass,  which  is  aU  into  the 
rebates,  and  firmly  bedded  and  backputtied  to  keep  it  into  its 
place.  Large  squares  are  also  spriggedf  or  secured  with 
small  brads  driven  into  the  sash  bars. 

269.  Glazing  in  kadrwork  is  fixed  in  leaden  rods,  called 
camesj  prepared  for  the  use  of  the  glazier  by  being  passed 
through  a  glazier's  vice,  in  which  they  receive  the  grooves 
for  the  insertion  of  the  glass.  The  sides  or  cheeks  of  the 
grooves  are  sufficiently  soft  to  allow  of  their  being  turned 
down  to  admit  the  glass,  and  again  raised  up  and  firmly 
pressed  against  it  after  its  insertion. 

For  common  lead-work,  the  bars  are  soldered  together,  so 
as  to  form  squares  or  diamonds.  In  fretwork,  the  bars,  in- 
stead of  being  used  straight,  are  bent  round  to  the  shapes 
of  the  different  pieces  of  glass  forming  the  device — ^lead- 
work  is  strengthened  by  being  attached  to  saddU  ba/rs  of 
iron,  by  leaden  bands  soldered  to  the  lead-woric,  and  twisted 
round  the  iron. 
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Patois  made  of  pounded  whiting,  beaten  ap  with 
oil  into  a  tongh,  tenacious  cement. 

270.  The  principal  tool  of  the  glazier  is  the  diamond^ 
which  is  Qsed  for  catting  glass.  This  tool  consists  of  an 
nnpolished  diamond  fixed  in  lead,  and  fastened  to  a  handle 
of  hard  wood. 

The  glazier  nses  a  htuHamg  oui  hdft^  for  cntting  out  old 
putty  from  broken  squares  ;  and  the  stopping  knife,  for  laying 
and  smoothing  the  pntty  when  stopping-in  glass  into  sashes. 

For  setting  glass  into  lead-work  the  setting  knife  is  used. 

Besides  the  abore,  the  glazier  requires  a  square  and 
straight  edges,  a  rule  and  a  pair  of  compasses,  for  dividing 
the  tables  of  glass  to  the  required  sizes. 

Also  a  hammer  and  brushes,  for  sprigging  large  squares, 
and  cleaning  off  the  work. 

1)i%  glazier's  vice  has  already  been  mentioned  ;  the  laUtr- 
iUii  is  a  pointed  piece  of  hard  wood,  with  which  the  grooves 
of  the  camts  are  cleared  out  and  widened  for  receiving  the 
glass. 

271.  Cleaning  windows  is  an  important  branch  of  the 
glazier's  business  in  most  large  towns ;  the  glazier  taking 
upon  himself  the  cost  of  repairing  all  glass  broken  in 
cleaning. 

272.  Glaziers'  work  is  valued  by  the  superficial  foot,  the 
price  increasing  with  the  size  of  the  squares.  Irregular 
panes  are  taken  of  the  extreme  dimensions  each  way. 

Crown  glass  is  Uovm  in  circular  tahUs  from  3  ft.  6  in.  to  5 
ft.  diameter,  and  is  sold  in  craksj  the  number  of  tables  in  a 
crate  varying  according  to  the  quality  of  the  glass. 
A  crate  contains  12  tables  of  best  quality. 
„  „        16      „         second  do. 

„  „        18      „         third    do. 

Plate  glass  is  cast  on  large  plates  on  horizontal  tabk% 
and  afterwards  polished. 
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The  manii&ctiire  of  dheet  or  spread  glass,  which  was  for- 
merlj  considered  a  rerj  inferior  article,  has  of  late  jeara 
been  much  improved  ;  mach  is  now  sold,  after  being  polished, 
under  the  name  of  Patent  Plate. 


PAINTER,   PAPBBHAKGEB,   AND    DECORATOR. 

273.  The  bosiiiess  of  the  hoose-painter  consists  in  cover- 
ing, with  a  preparation  of  white  lead  and  oil,  sach  portions 
of  the  joiner's,  smith's,  and  plasterer's  work  as  require  to  be 
protected  from  the  action  of  the  atmosphere.  Decorative 
painting  is  a  higher  branch,  requiring  a  knowledge  of  the 
harmony  of  colors,  and  more  or  less  of  artistic  ikiU,  accord- 
ing to  the  nature  of  the  work  to  be  ezecated.  The  intr<^ 
daction  of  fresco  painting  into  this  country  as  a  mode  of  in- 
ternal decoration  has  led  to  the  employment  of  some  of  the 
first  artists  of  the  day  in  the  embellishment  of  the  mansions 
of  the  wealthy ;  and  the  example  thus  set  will,  no  donbt^ 
be  ezteQjsively  followed. 

274.  The  principal  materials  used  by  the  painter  are  white 
kad,  which  forms  the  basis  of  almost  all  the  colors  used  in 
house-painting  ;  Unseed  oil  and  spirits  of  turpefUintf  used  for 
mixing  and  diluting  the  colors  ;  and  dryers,  as  lithaige, 
sugar  of  lead,  and  white  vitriol,  which  are  mixed  with  the 
colors  to  facilitate  their  drying.  Putty ,  made  of  whiting 
and  linseed  oil,  is  used  for  stopping  or  filling  up  nail  holes, 
and  other  vacuities,  in  order  to  bring  the  woric  to  a  smooth 
iace. 

275.  The  painter's  tools  are  few  and  simple  ;  they  consist 
of  the  grinding  stone  and  muUer,  for  grinding  colors  ;  eoHhen 
pots,  to  hold  colors  ;  cans,  for  oil  and  turps  ;  a  pallet  krdfe, 
and  brushes  of  various  sizes  and  descriptions. 

276.  In  painting  wood-work,  the  first  operation  consists 
in  kUHmg  the  knots,  from  which  the  turpentine  would  other- 
wise exude  and  spoil  the  work.    To  effect  this,  the  knots  are 
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oorerad  with  fresh  slaked  lime,  which  dries  ap  and  barns  oat 
the  tarpentioe.  When  this  has  been  on  twenty-foor  hovn^ 
it  Is  seraped  off,  and  the  knots  painted  over  with  a  miztore 
of  red  and  white  lead,  mixed  with  glue  size.  After  this  thej 
are  gone  orer  a  second  time  with  red  and  white  lead,  mixed 
with  linseed  oil.  When  dry,  they  most  be  rubbed  perfectly 
smooth  with  pumice  stone,  and  the  work  is  ready  to  receire 
the  priming  coat.  This  is  composed  of  red  and  white  lead, 
well  diluted  with  linseed  oil.  The  ntJl  holes  and  other  im- 
perfections are  then  stopped  with  potty,  and  the  succeeding 
coats  are  laid  on,  the  work  being  nibbed  down  between  each 
ooat,  to  bring  it  to  an  eren  surface.  The  first  coat  aftor  the 
priming  is  mixed  with  linseed  oil  and  a  little  turpentine.  liie 
second  coat  with  equal  quantities  of  linseed  oU  and  turpen- 
tine. In  laying  on  the  second  coat,  where  the  work  is  not  to 
be  finished  white,  an  approach  must  be  made  to  the  required 
color.  The  third  coat  is  usually  the  last,  and  is  made  with  a 
base  of  white  lead,  mixed  with  the  requisite  color,  and 
diluted  with  one-third  of  linseed  oil  to  two-tliirds  of  turpen- 
tine. 

Painting  on  stucco,  and  all  other  work  in  which  the  sur- 
face is  required  to  be  without  gloss,  has  an  additional  coat 
mixed  with  turpentine  only,  which,  from  its  drying  of  one 
uniform /a/  tint,  is  called  a  flatting  coat 

If  the  knots  show  through  the  second  coat,  they  must  be 
carefully  covered  with  silver  leaf. 

Work  finished  as  above  described  would  be  technically 
specified  as  knotted,  primed,  painted  three  oils,  and  fiatted. 

Flatting  is  almost  indispensable  in  all  delicate  interior 
work,  but  it  is  not  suited  to  outside  work,  as  it  will  not  bear 
exposure  to  the  weather. 

277.  Painting  on  stucco  is  primed  with  boiled  linseed  oil, 
and  should  then  receive  at  least  three  coats  of  white  lead 
and  oil,  and  be  finished  with  a  flat  tint.  The  great  secret 
of  success  in  painting  stucco  is  that  the  sur&ce  shookl  be 
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perfectly  dry  ;  and,  as  this  can  hardly  be  the  case  in  less 
than  two  years  after  the  erection  of  a  boilding,  it  wUl  always 
be  adyisable  to  finish  new  work  in  distemper,  which  can  be 
washed  off  whenever  the  walls  are  sofficiently  dry  to  receive 
the  permanent  decorations 

2T8.  Graimng  is  the  imitation  of  the  grain  of  yarions 
kinds  of  woods,  by  means  of  graiimig  tools,  and,  when  well 
executed,  and  properly  Tarnished,  has  a  handsome  appear- 
ance, and  lasts  many  years.  The  term  graining  is  also 
applied  to  the  imitation  of  marbles. 

279.  Clear  coling  (from  daire  coUe,  i.  e.  transparent  size, 
Fr.),  is  a  substitution  of  me  for  oil,  in  the  preparation  of 
the  priming  coat.  It  is  much  resorted  to  by  painters  oa 
account  of  the  ease  with  which  a  good  face  can  be  put  on 
the  work  with  fewer  coats  than  when  oil  is  used  ;  but  it  will 
not  stand  damp,  which  causes  it  to  scale  off,  and  it  should 
never  be  used  except  in  repainting  old  work,  which  is  greasy 
or  smoky,  and  cannot  be  made  to  look  well  by  any  other 
means. 

280.  IHstemfering  is  a  kind  of  painting  in  which  whiting 
IS  used  as  the  basis  of  the  colors,  the  liquid  medium  being 
size  ;  it  is  much  used  for  ceilings  and  walls,  and  always  will 
require  two,  and  sometunes  three  coats,  to  give  it  a  uniform 
appearance. 

281.  Painters'  work  is  valued  per  superficial  yard,  accordr 
ing  to  the  number  of  coats,  and  the  description  of  work,  as 
coomion  colors,  fancy  colors,  party  colors,  &c. 

Where  work  is  cut  in  on  both  edges,  it  is  taken  by  the 
lineal  foot.  In  measuring  railings,  the  two  sides  are  measured 
as  flat  work.  Sash  frames  are  valued  per  piece,  and  sashes 
at  per.  dozen  squares. 

282.  The  manufacture  of  scagliola,  or  imitation  marble, 
Is  a  branch  of  the  decorator's  business,  which  is  carried  to 
very  great  perfection. 
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Scftgliola  is  made  of  plaster  of  Paris  and  different  earthy 
colors,  which  are  mixed  in  a  trongh  in  a  moist  state,  and 
blended  together  nntil  the  required  effect  is  produced,  when 
the  composition  is  taken  from  the  trough,  laid  on  the  plaster 
ground,  and  well  worked  into  it  with  a  wooden  beater,  and 
a  small  ganging  trowel  When  quite  hard,  it  is  smoothed, 
scraped,  and  polished,  until  it  assumes  the  appearance  of 
marble. 

Scagliola  is  ralued  at  per  superficial  foot,  according  to  the 
description  of  marble  unitated,  and  the  execution  of  the 
work. 

288.  Gilding  is  executed  with  leaf  gold,  which  is  furnish- 
ed bj  the  gold-boater  in  books  of  25  leaves,  each  leaf 
measuring  ^  in.  by  8  in.  The  parts  to  be  gilded  are  first 
prepared  with  a  coat  of  gold  size,  which  is  made  gI  Oxford 
ochre  and  fat  oiL 

284.  The  operations  of  the  paper-hanger  are  too  simple  to 
require  description. 

A  piece  of  paper  is  12  yards  long,  and  is  20  ins.  wide, 
when  hung,  and  corers  6  ft.  superficial ;  hence  the  number 
of  superficial  feet  that  have  to  be  covered,  divided  by  60, 
will  give  the  number  of  pieces  required. 

Paper-hangers'  work  is  valued  at  per  piece,  according  to 
the  value  of  the  paper. 

The  trades  of  the  plumber,  glazier,  painter,  paper^ianger, 
and  decorator  are  often  carried  on  by  the  same  person. 

DRAINAGE. 

285.  The  principal  classes  of  buildings  as  subjects  for 
water  supply  and  drainage,  are — 1.  Dwellings  ;  2.  Manufac- 
tories ;  and  3.  Public  buildings. 

There  is  no  certain  date  upon  which  to  calculate  the  extent 
of  the  arrangement  to  be  provided  for  the  joint  purposes  of 
supplying  water  and  discharging  sewerage.     In  England  the 
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Oikmlatioiis  of  w^ter  companies  ore  usaallj  based  apoa  the 
rental  paid  for  each  house  as  an  Index  to  the  consomption  of 
water  within  it,  and  in  this  way  thej  reoogniee  an  ahnost 
infinite  number  of  classes. 

286.  It  is  estimated  that  2(^  gallons  of  water  is  the 
ayerage  daily  quantity  for  each  inhabitant  of  a  town,  and 
that  this  quantity  is  sufficient  to  allow  also  for  an  ordinary 
proportion  of  manufacturing  operations,  for  the  supply  of 
pnblic  buildings,  and  for  the  extinction  of  fires.  It  is 
estimated  that  a  bulk  of  water  measuring  6  feet  in  length  by 
I)  feet  in  width  and  1  ft.  in  depth,  will  suffice  for  the  ablution 
of  one  person  in  the  baths.  This  quantity  will  equal  9  cubic 
feet,  or  about  54  gallons. 

28*7.  Sewers  and  drains  were  formerly  devised  with  the 
angle  object  of  making  them  large  enough,  by  which  it  was 
supposed  that  their  full  efficiency  was  secured.  But  sluggish- 
ness of  the  action  is  now  recognized  as  the  certain  conse- 
quence of  excess  equally  as  of  deficiency  of  declination.  A 
small  stream  of  liquid  matter  extended  over  a  wide  surface, 
and  reduced  in  depth  in  proportion  to  this  width,  suffers 
retardation  from  the  want  of  declivity  in  the  current.  Hence 
a  drain  which  is  disproportionally  large  in  comparison  to  the 
amount  of  drainage  is  concentrated  within  a  more  limited 
channel,  a  greater  rapidity  is  produced,  and  every  addition 
to  the  contents  of  the  aids  by  the  full  force  of  its  gravity  in 
propelling  the  entire  quantity  forward  to  the  point  of  dis- 
charge. 

288.  There  are  four  conditions  which  are  to  be  regarded 
as  indispensable  in  the  construction  of  all  drains  from  all 
buildings  whatsoever.  These  conditions  ar&— First.  That  the 
entire  length  of  drain  is  to  be  constructed  and  maintained 
with  suffiderU  decUviiy  towards  the  discharge  into  the  sewer 
to  enable  the  average  proportion  and  quantity  of  liquid  and 
solid  matters  committed  to  it  to  maintun  a  eansUMU  and 
wmaUerrupted  mntion,  and  that  stagnation  shall  never  ooenr. 

36 
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Seeonl  That  Uie  entire  length  of  drain isto  be  constructed 
and  maintuned  in  a  condition  of  compleU  impermeahUUf^  so 
that  no  portion  of  the  matters  pat  into  it  should  escape  from 
it.  Third.  That  the  head  of  the  drain  shall  be  so  efficiently 
traj^d  that  no  gaseons  or  volatile  properties  or  prodncts 
can  possibly  arise  from  its  contents.  Fonj^h.  That  the 
lower  extremity  of  the  draui,  or  the  point  of  its  commonica- 
tion  with  the  sewer,  shall  be  so  properly,  completely,  and 
dnrably  formed,  that  no  intemq>tion  to  the  flow  of  the 
drainage  or  escape  shall  take  place,  and  that  no  facility  shall 
be  offered  for  the  npward  progress  of  the  sewerage  in  case  ike 
sewer  becomes  surcharged,  and  thus  tends  to  produce  such 
an  effect. 

289.  The  common  occuption  of  the  basement  stories  of 
bouses,  as  kitchens  and  water  closets,  has  made  it  appear 
desireable  to  depress  the  drains  and  sewers,  In  order  to 
receiTc  the  refuse  matters  below  the  level  of  these  base- 
ments ;  but  as  this  object  involves  one  or  both  of  the  evils 
we  have  pointed  out,  viz  :  deficient  declivity  and  consequent 
stagnation  in  the  drains,  and  a  general  system  of  sewers 
sunk  so  deeply  in  the  ground  that  incomparable  expense  and 
difficulty  are  created  in  construction,  access,  and  repairs,  the 
purpose  of  basement  draining  should  be  abandoned,  and 
practicable  methods  sought  of  delivering  the  entire  drainage 
at  the  level  of  the  surface  ground. 
290.  Brick-work  does  not  seem  to  be  peculiarly  fitted  for 
drains.  It  requires  smoothness  and  tightness.  Stoneware^ 
is  more  economical  for  this  purpose  than  iron  tubing,  and  is 
entirely  free  firom  the  chance  of  corrosion  and  permeability. 
By  glazing  the  interior  surface,  moreover,  tubes  of  this  ware 
are  made  peculiarly  suitable  for  adoption  in  forming  drains  ; 
and  carefully  made  socket  joints  laid  in  the  direction  of  the 
current  are  cheaply  executed,  if  moulded  conically  and  luted 
with  a  little  cement  of  the  best  quality.  The  size  of  the 
drain  pipes  has  to  be  graduated  according  to  the  quantity  to 
be  passed  through  them. 
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■91.  The  tnppkig  of  the  hetd  of  the  dnia,  to  as  to  pre- 
rwDt  the  ascent  of  nnell  and  impnre  gas  from  the  drain  into 
the  building,  is  an  indispensable  requirement  in  draining  ap- 
paratus. Simplicity  of  construction  and  permanence  of 
action  are,  of  course,  required,  with  the  least  original  ontlaj 
at  which  these  qualities  can  be  obtained. 

292.  The  lower  connection  of  the  house  drain  with  the 
public  sewer  is  the  last  point  of  importance  to  which  we  al- 
lude. A  perfect  construction  of  this  portion  of  the  work 
has  always  been  recognised  as  an  essential  feature  of  good 
drainage.  The  lerel  of  the  bed  of  the  drain  must  be  kept 
as  high  as  possible  above  that  of  the  receiving  sewer.  If 
the  sewer  be  also  constructed  of  the  glazed  stone  ware  pip- 
ing, lengths  of  It  may  be  introduced  at  convenient  intervals, 
having  outlet  sockets  for  receiving  the  ends  of  the  house- 
drains,  and  being  slightly  tapered  or  conical  in  form  will  be 
readily  jointed  with  a  little  of  the  best  cement.  If  the  sewer 
be  constructed  of  brickwork,  a  good  joint  will  be  obtained 
by  introducing  a  separate  socket  of  stone-ware  to  receive 
the  house^rain  pipe,  and  formed  with  a  flange  at  the  other 
end  to  surround  and  cover  the  opening  in  the  sewer,  which 
can  then  be  made  good  with  a  ring  of  cement  carefully  op- 
plied. 

Means  of  access  to  house-drains  are  always  desirable  in 
arrange  the  details  of  the  apparatus. 

PAINTS. 

293.  Before  yon  commence  to  paint  a  building,  all  holes, 
nail  heads,  and  indentations  should  be  fiUed  in  with  putty. 
The  primimg  should  then  be  put  on.  The  color  will,  of  course, 
depend  on  the  color  of  the  paint  to  be  put  on.  After  the 
priming  is  perfectly  dry,  follow  with  anotiier  coat  of  primings 
or  a  coat  of  paint. 

Nut  oil  is  better  than  linseed  oil,  to  be  mixed  with  painty 
that  requires  exposure  to  the  weather. 
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294.  Pamten  require  tLfoimt  poi  In  wbidi  to  cany  their 
paint,  bruiku,  with  which  to  pat  it  on,  foidls,  or  small,  soft 
brushes  for  fine  work,  a  palette,  or  small,  this,  oval  shaped 
board  on  which  to  spread  paint  when  delicate  work  Is  being 
done,  a  moU  stick,  with  whidi  to  steady  the  hand. 

We  cannot  give  recipes  for  making  the  rarions  kinds  of 
Yamish  and  paints  in  this  work. 
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SECTION  V. 

WOBKING   DRAWINGS,  SPECIFICATIONS,  ES* 
TIMATES,  AND  CONTRACTS. 

296.  The  erection  of  buildiDgs  of  any  considerable  magni- 
tude 18  nsnally  carried  on  nnder  the  snperintendence  of  a 
professional  architect,  whose  duties  consist  in  the  prepara- 
tion oi  the  yarions  working  drawings  and  specifications  that 
may  be  required  for  the  guidance  of  the  builder ;  in  the 
strict  supervision  of  the  work  during  its  progress,  to  insure 
that  his  instructions  are  carried  out  in  a  satisfactory  mannw ; 
and  in  the  examination  and  reyision  of  all  the  accounts  con- 
nected with  the  works. 

Thi3  brief  enumeration  of  the  duties  of  an  architect  will 
suffice  to  show  how  many  qualifications  are  required  in  one 
who  aims  at  being  thoroughly  competent  in  his  profession. 
He  must  unite  the  taste  of  the  artist  with  the  science  and 
practical  knowledge  of  the  builder,  and  must  be  at  the  same 
time  conversant  with  mercantile  affairs,  and  counting-house 
routine,  in  order  that  he  may  avoid  involving  his  employer 
in  the  trouble  and  expense  attendant  on  disputed  accounts, 
which  generally  are  the  result  of  the  want  of  a  clear  and 
explicit  understanding,  on  the  part  of  the  builder,  of  the 
obligations  and  responsibilities  of  engagements  based  upon 
the  incomplete  drawings,  or  vaguely  worded  specifications 
d  an  incompetent  architect. 

296.  The  profession  of  the  architect  and  the  trade  of  the 
builder  are  sometimes  carried  on  by  the  same  person  :  but 
this  union  of  the  directive  and  executive  functions  is  not  to 
be  recommended  ;  in  the  first  place,  because  the  duties  of  the 
workshop  and  the  builder's  yard  leave  little  time  for  the 
study  of  the  higher  branches  oi  architectural  knowledge ; 
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•ad,  in  the  second  place,  becanse  the  absence  of  profeenonal 
oontrol  will  always  be  a  strong  temptation  to  a  contractor  to 
prefer  his  own  interests  to  those  of  his  employer,  however 
competent  he  may  be  to  design  the  buildings  with  the  ezecn- 
tion  of  which  he  maj  be  charged. 

Dnring  the  present  century,  the  impolse  giren  to  onr  arts 
and  manufactures,  and  the  improTements  effected  in  the  in- 
ternal communications  of  the  country,  haye  giyen  rise  to  the 
execution  of  many  eztensiTe  works  requiring  for  their  con- 
struction a  large  amount  of  mechanical  and  scientific  knew^ 
ledge  ;  in  consequence  of  which  a  new  and  most  in^K^rtaftli 
profession  has  sprui^  up  during  the  last  thirty  years,  oocft- 
pying  a  middle  position  between  those  of  architecture  and 
mechanical  engineering,  yiz.,  that  of  the  ciyil  engineer.  The 
practice  of  the  architect  and  of  the  cinl  engineer  so  deasly 
approximate  in  many  respects,  that  it  is  difficult  strictly  to 
draw  the  line  of  demarcation  between  them  ;  but  it  may  be 
said  in  general  terms  that  whilst  the  ooe  is  chiefly  engaged 
in  works  of  civil  and  decoraiiye  architecture,  such  as  the 
erection  of  churches,  public  buildings,  and  dwelling-houses, 
the  talent  of  the  other  is  principally  called  forth  in  the  art 
of  construction  on  a  large  scale,  as  api^ied  to  retaining  walls, 
bridges,  tunnels,  Ugfat-hooBes,  &c.,  and  works  connected  with 
the  improyements  of  the  navigation  and  internal  commons 
oations  of  the  country. 

29T.  The  business  of  the  surveyor  is  often  carried  on  as  a 
distinct  branch  of  architectural  practice  ;  and,  as  the  title 
of  surveyor  is  often  appropriated  to  those  who  have  no  real 
claim  to  it,  a  few  words  on  a  surveyor's  duties  may  not  be  here 
out  of  place. 

Surveyors  may  be  divided  into  three  classes :  land  sor* 
veyors,  engineerinic  surveyors,  and  building  surveyors. 

The  business  of  an  engineering  surveyor,  as  distinguidicd 
from  that  of  a  land  surveyor,  chiefly  consists  in  the  prepara- 
ratioB  of  accurate  plans,  sections,  and  other  data  relative  to 
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the  intended  aites  of  large  works,  wMdi  may  be  reqnked  bj 
the  architect  or  engineer  preparatory  to  making  oat  his 
working  drawings,  and  in  conducting  leveling  operations 
for  drainage  works,  canals,  railways,  tec. 

The  building  surveyor  prepares,  from  the  drawings  and 
specifications  of  the  architect  or  the  engineer,  bills  of -quanti- 
ties of  intended  works,  for  the  use  of  the  builder  on  which  to 
frame  his  estimates  ;  and,  in  the  case  of  contracts,  these  bills 
of  quantities  form  the  basis  of  the  engagements  entered  into 
by  the  builder  and  his  employer,  the  surveyor  being  pecuniariy 
answerable  for  any  omissions.  The  surveyor  is  also  employed 
ia  the  measttrement  of  w<Mrks  already  executed  or  in  progress  ; 
in  the  latter  case,  for  the  purpose  of  ascertaining  the  advances 
to  be  made  at  stated  intervals,  and  is  engaged  generally  in 
all  business  connected  with  builders'  accounts. 

298.  The  following  is  the  general  routine  of  proceedings 
in  the  case  of  large  works.  It  will  readily  be  understood 
that  in  small  works  subdivision  of  labor  is  not  carried  to 
such  an  extent,  the  architect  superintending  the  works  him- 
self, without  the  aid  of  a  clerk  of  works,  and  the  builders 
taking  out  their  own  quantities. 

L  Hie  gMieral  design  having  been  i^^proved  of^  and  the 
rite  fixed  upon,  an  exact  pJan  is  made  of  the  ground,  the 
nature  of  the  foundation  examined,  and  all  the  levels  taken 
that  may  be  required  for  ^e  preparation  of  the  working 
drawings* 

II.  The  architect  makes  out  the  working  drawings,  and 
draws  up  the  specificatiiHi  of  the  work. 

III.  A  meeting  is  held  of  builders  proposing  to  tender  for 
the  execution  of  the  proposed  works,  called  either  by  public 
advertisement  or  private  invitation,  at  which  a  surveyor  is 
appointed  in  their  behalf  to  take  out  the  quantities.  Some- 
times two  surveyors  are  appointed,  one  on  the  part  of  the 
boUders,  and  one  on  the  part  of  the  architect,  who  take 
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<mt  tha  qnantitiefi  together,  and  che<^  each  other  as  thej 
proceed. 

lY.  The  snrreyor  haying 'farnished  each  party  proposing 
to  tender  with  a  copj  of  the  bills  of  qaantities,  the  bnilders 
prepare  their  estimates,  and  meet  a  second  time  to  give  in 
their  tenders,  after  which  the  snccessfnl  competitor  and  the 
employer  sign  a  contract,  drawn  np  by  a  solicitor,  binding 
the  one  to  the  proper  execution  of  the  works,  and  the  other 
to  the  payment  of  the  amount  of  their  cost  at  such  times  and 
in  such  sums  as  may  be  set  forth  in  the  specification. 

y.  The  work  is  then  set  out,*  and  carried  on  under  the 
constant  direction  of  a  foreman  on  the  part  of  the  builder, 
and  on  the  part  of  the  architect  under  the  superintendence 
of  an  inspector  or  clerk  of  works,  whose  duty  it  is  to  be  con- 
stantly on  the  spot  to  check  the  quality  and  quantity  of 
material  used,  to  see  to  the  proper  execution  of  the  work, 
and  to  keep  a  record  of  erery  deyiation  from  the  drawings 
that  may  be  rendered  necessary  by  the  wishes  of  the  employ- 
er, or  by  local  circumstances  oyer  which  the  architect  has 
no  control. 

The  work  is  measured  up  at  regular  interyals,  and  pay- 
ments made  on  account  to  the  builder,  upon  the  architect's 
certificate  of  the  amount  of  work  done. 

YI.  The  work  being  completed,  the  extras  and  omissions 
are  set  against  each  other,  and  the  difference  added  to  or 
deducted  from  the  amount  of  the  contract,  and  the  whole 
business  is  concluded  by  the  architect  giying  a  final  certifi- 
cate for  the  payment  of  the  balance  due  to  the  builder. 

*  On  SetUmg  <Ad  HTM-Xs.^Tha  determloation  of  th«  exact  position  of  an  intended 
building  being  gometimes  dUfteolt  to  MoompllBh,  a  feir  remarks  on  the  labjeet 
may  be  acceptable. 

The  lotting  Out  of  the  leading  lines  Is  simple  enough  on  level  ground,  where 
nothing  ocean  to  interrupt  the  view,  or  to  prerent  the  direct  measurement  of 
tbe  required  distances  ;  but  to  perform  this  operation  at  the  bottom  of  a  foun* 
dation  pit,  blocked  up  with  balks  and  shores  and  ankle-deep  in  slush,  reqmres  a 
degiMafpcaotiMsadpatiecioetiotalwi^tobenet  with.    Let  oa  t^w  a  slmyle 
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209.  Plan  of  Site, — In  preparing  the  plan  of  the  site  of 
the  pressed  works,  the  operations  of  the  surveyor  will 

•Me,  rach  M  the  patting  in  the  abutmeat  of  a  bridge  or  a  riaduei,  anj  error  in  the 
poeitlon  of  which  would  render  the  work  naeleeii  (see  fig.  103)  The  leading  linei 
having  been  laid  down  on  the  drawings,  the  first  thing  to  be  done,  before  breaking 
ground,  is  to  set  oat  the  centre  line  Tory  carefullj  with  a  theodolite  and  ranging 
rods  for  a  considerable  distance  on  each  side  of  the  work,  and  to  fix  its  position  bj 
ereetiqg  poles,  planed  true  and  pbeed  perfectly  upright,  in  some  part  of  the  line 
where  there  is  no  chance  of  their  being  disturbed. 

Next,  the  exact  position  of  the  abutment  on  the  centre  line  would  be  decided 
npon,  and  fixed  bjr  setting  oat  another  line  at  right  angles  to  the  first  as  c  <l  which 
would  also  be  extended  beyond  the  works,  and  its  position  fixed  by  driving  in  stakee. 
the  exact  position  of  the  line  on  the  head  of  the  sUke  being  marked  by  a  saw  cut 

These  guiding  Hues  baring  now  been  permanently  secmred  the  plan  of  the  abut- 
ment  may  be  set  out  on  the  ground,  the  dams  driven,  and  the  earth  got  oat  to  the 
required  depth.  By  the  time  the  excavation  is  ready  fbr  commencing  the  work,  it 
gener  illy  presents  a  forest  of  stays,  struts,  and  shores  that  woald  defy  any  attempt 
at  setting  out  the  work  on  its  own  level ;  it  must  therefore  be  set  out  at  the  tt^  of 
the  dam,  and  the  pointe  transferred  or  dropptd,  as  follows  :  — 

First,  the  position  of  the  centre  line  is  ascertained  by  reference  to  the  poles,  and 
nails  being  driven  into  the  timbers  at  the  sides  of  the  dam,  a  fine  line  is  strained 
across ;  the  position  of  the  line  odla  found,  and  a  second  line  strained  aeross  in  th« 
same  way.  In  a  similar  manner  other  lines  are  strained  from  side  to  side  at  the 
required  distances,  the  iMigth  being  measured  from  the  line  e  <f,  and  the  widths 
ftom  a  &,  until  the  outline  of  the  foundation  course  is  found  ;  the  angle  p<diit«  ai» 
then  transferred  to  the  bottom  of  the  excavation  by  means  of  plumb-lines,  and 
the  work  is  commenced,  its  aceuraey  being  easily  tested  by  measurements  from 
the  lines  a  h  and  o  d^  until  it  is  so  ihr  advanced  as  to  render  this  v 
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generillj  haye  to  be  exteaded  beyond  the  spot  of  ground  on 
which  the  bnildiDg  la  to  stand.  The  frontages  of  the  ad- 
jacent boildings,  and  the  poiikion  of  all  existing  or  contem- 
plated sewers,  drains  and  water-comrses,  should  be  correctly 
ascertained  and  laid  down.  Sketches  drawn  to  scale  of  the 
architectoral  sketches  of  the  adjaoent  boildings,  if  in  town, 
and  accurate  ontline  sketches  oi  the  inddeiUs  of  the  locality 
of  the  intended  operations,  if  in  the  country,  shoald  accomr 
pany  the  plan,  that  the  architect  may  try  the  effect  of  his 
design  before  its  actual  execution  renders  it  impossible  to 
remedy  its  faults. 

By  the  careful  study  of  all  tiiese  data  the  architect  may 
hope  to  succeed  in  making  his  works  harmonize  with  the 
objects  that  surround  them ;  without  them,  failure  on  this 
head  is  almost  a  certainty. 

300.  Ltvds. — ^Where  the  irregularities  of  the  ground  are 
considerable,  it  \b  necessary  to  aacertain  the  rariations  of  the 
surface  before  the  depth  of  the  foundations  and  the  position 
of  the  floors  can  be  decided  upon. 

It  also  frequently  happens  that  the  levels  of  the  floors  and 
other  leading  lines,  in  a  new  building,  are  regulated  by  the 
capabilities  of  sewerage  or  drainage,  or  by  the  heights  of 
other  buildings  with  which  the  new  work  will  ultimately  be 
connected,  as  in  the  case  of  new  streets.  It  therefore 
becomes  of  importance  to  hare  simple  and  accurate  means 
of  ascertaining  and  recording  the  relative  heights  of  differ- 
ent points.  For  this  purpose  both  the  spirit  levd  and  the 
mason's  level  are  used. 

301.  Where  the  ground  to  be  leveled  over  is  limited  in 
extent,  and  the  variations  of  level  do  not  exceed  12  feet,  the 
heights  of  any  points  may  be  found  with  the  mason's  level 
in  the  following  manner.     (See  fig.  104.) 


In  a  conyenient  place,  near  the  highest  part  of  the  ground, 
driTo  three  stent  stakes  at  equal  distances  frem  each  other, 
and  nail  to  t^em  three  pieces  of  stoat  plank,  placed  as 
shown  in  the  cnt,  their  upper  edges  being  adjusted  to  the 
same  horizontal  plane  by  soeans  of  the  mason's  lerd.  The 
level  being  then  placed  on  this  frame,  an  assistant  proceeds 
to  the  first  point  of  which  the  hei[|^t  is  reqmred,  holding  np 
a  rod  with  a  sliding  vane,  which  he  raises  or  lowers  in 
obedience  to  the  directions  of  the  sarreyor,  until  it  comcides 
with  a  pair  of  sights  fixed  at  the  bottom  of  the  lerel ;  the 
height  of  the  vane  will  then  be  the  difference  of  level 
between  the  top  of  the  leveliiii^  frame,  and  the  place  where 
iSb»  staff  was  held  np. 

302.  The  above  and  similar  methods  will  suffice  for  taking 
levels  in  a  rough  way  for  the  ordinary  purposes  of  the 
builder  ;  but  where  great  accuracy  is  requisite,  or  where  the 
levels  have  to  be  extended  over  a  considerable  distance,  as 
is  often  the  case  in  drainage  works,  the  use  of  a  more  perfect  % 
contrivance  is  necessary,  and  the  ^irit  level  is  the  instrur 
ment  principally  used  for  this  purpose. 

The  spirit  level  consists  of  a  telescope  mounted  on  a 
portable  stand,  and  furnished  with  screw  aiQustments,  by 
means  of  which  it  can  be  made  to  revolve  in  a  horizontal 
plane,  any  deviation  from  which  is  indicated  by  the  motion 
of  an  air-bubble  in  a  glass  tube  fixed  parallel  to  the 
telescope. 

The  eye-piece  of  the  telescope  is  furnished  with  cross- 
wires,  as  they  are  technically  termed,  made  of  spiders^ 
thread,  of  which  the  use  will  be  presently  explained. 

303.  The  leveling  staff,  now  in  common  use,  is  divided 
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into  feet^  tenths,  and  hmiclredthB,  in  a  conspicaoiui  maiuier, 
so  that,  with  the  help  of  the  glass,  eyeiy  diyision  can  be 
distinctly  seen  at  the  distance  of  <me  hundred  yards  or  more. 
The  mode  of  conducting  the  operation  of  leveling  is  as 

follows : — 

The  surreyor  haTing  set  ap  and  acQnsted  his  instramenty 
the  staff-holder  proceeds  to  the  point  at  which  the  lerels  are 
to  commence,  and  holds  up  his  staff  perfectly  upright  and 
turned  towards  the  surreyor,  who  notes  the  diTisicm  <^  the 
staff  which  coincides  with  the  horizontal  wire  in  the  teles- 
cope, and  enters  the  same  in  his  level-book ;  the  staff- 
holder  then  proceeds  to  the  next  pointy  and  the  reading  of 
the  staff  is  noted  as  before  ;  and  this  is  repeated  until  the 
distance  or  the  difference  of  level  makes  it  necessary  for  the 
surveyor  to  take  up  a  fresh  positi<m.  While  this  is  being 
done,  tiie  staff-holder  remains  stationary,  until,  the  level 
being  acynsted  again,  he  carefully  turns  the  face  of  the  staff 
so  as  to  be  visible  firom  the  instrument  in  its  new  position, 
and  a  second  reading  of  the  staff  is  noted,  after  which  he 
proceeds  forward  as  before  f6r  a  fresh  set  of  observations. 

804.  In  every  set  of  observations  the  first  is  called  a 
•  Backsight,  and  the  last  a  Foresight.  The  remaining  obser- 
vations are  called  intermediates,  and  are  entered  according- 
ly.  It  will  be  seen  that  an  error  in  an  intermediate  reading 
is  confined  to  the  point  where  it  occurs  ;  but  a  mistake  in  a 
back  or  foresight  is  carried  throughout  the  whole  work,  and 
therefore  every  care  should  be  taken  to  insure  accuracy  in 
observing  these  sights. 

305.  The  surveyor  should  commence  and  close  his  work 
by  setting  the  staff  on  some  well-defined  mark,  which  can 
readily  be  referred  to  at  any  subsequent  period,  such  as  a 
door-step,  plinth  of  a  column,  &c.  These  marks  are*  called 
bench  marks,  written  B  M,  and  are  essential  for  either 
checking  the  work  or  carrying  it  on  at  a  subsequent  period. 
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306.  The  redaction  of  the  leyels  to  a  tabular  form  for  use 
is  a  simple  arithmetical  operation,  which  will  be  readily 
understood  by  examination  of  the  annexed  example  of  a 
leyel  book,  and  of  the  accompanying  section*,  fig.  106.  The 
diiference  between  the  successive  readings  in  any  set  of 

Fig.  106. 
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obserrations  is  the  difference  of  level  between  the  points 
where  the  staff  was  successively  held  up,  and  by  simple 
addition  or  subtraction,  according  as  the  ground  rises  or 
falls,  we  might  obtain  the  total  rise  or  fall  of  the  ground 
above  or  below  the  starting  point ;  but  as  this  would  require 
two  columns,  one  for  the  total  nse^  and  one  for  the  total 
fall,  it  is  simpler  to  assume  the  starting  point  to  be  some 
given  height  above  an  imaginary  horizontal  datum  line,  drawn 
below  the  lowest  point  of  the  ground,  to  which  level  all  the 
heights  are  referred  in  the  column  headed  total  height  above 
datum  line 

30*7.  The  accuracy  of  the  arithmetical  computations  is 

*  In  plotting  Mctions  of  ground,  it  i»  usual  to  make  the  Tertical  Male  Biuoh 
greater  than  the  horizontal,  which  enablei  nnall  rarlations  of  level  to  be  eaailj 
measored  on  the  drawinf  without  Its  being  extended  to  an  inoonveBleBt  leagth. 
This  is  shown  in  the  lower  half  of  fig.  106.  The  upper  part  of  the  figure  shows  th* 
seetiOB  plotted  to  the  same  liorlsontal  and  Tertical  scale. 
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proved  by  adding  jxp  the  fcweaigliAs  and  backsights,  and,  de- 
ducting the  som  of  the  former  from  tiiat  of  the  latter  (the 
height  of  the  irst  B  M  having  been  previously  entered  at 
the  top  of  the  page  as  a  backnght),  the  remainder  m^  be 
the  height  of  the  last  B  M,  and  should  agree  with  the  last 
figures  In  the  column  of  tot4il  heights. 

308.  In  leveling  the  site  of  a  proposed  building,  if  no 
suitable  object  presents  itself  for  a  permanent  B  M  for  future 
reference,  a  large  stake,  hooped  with  iron,  should  be  driven 
into  the  ground  in  some  convenient  place  where  it  will  not 
be  disturbed.  The  height  of  this  stdie  being  then  carefully 
noted  and  marked  upon  the  elevations  and  sections  of  the 
building,  it  will  serve  as  a  constant  check  on  the  depths  of 
the  excavations,  and  the  heights  of  the  different  parts  of  the 
work,  until  the  walls  reach  the  level  of  the  prindpal  floor, 
when  it  will  no  longer  be  required. 

809.  We  must  not  leave  the  subject  of  levels  without 
mentioning  a  very  useful  instrument,  called  the  water  level, 
which  oonsistfi  of  a  long  flexible  pipe,  filled  with  water,  and 
terminating  at  each  end  in  an  open  glass  tube.  When  it  is 
required  to  find  the  relative  heights  of  any  two  points,  as, 
for  instance,  the  relative  levels  of  the  floors  of  two  adjoining 
houses,  the  two  ends  of  the  tube  are  taken  to  the  respective 
points,  the  tube  being  passed  down  the  staircases,  over  the 
rools,  or  along  any  other  accessible  route,  no  matter  how 
circuitous,  and  the  required  levels  are  found  by  measuring 
up  from  the  floors  to  the  surface  of  the  water,  which  will  of 
course  stand  at  the  same  level  at  each  end  of  the  tube 

WORKING  DIUWINOS. 

810.  The  architect,  being  furnished  with  the  plan  and 
levels  of  the  site  of  his  operations,  and  having  caused  a  care- 
ful examination  to  be  made  of  the  probable  nature  of  the 
foundation  by  digging  pits  or  taking  borings,  jnx^ceeds  to 
make  out  his  working  drawings. 
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It  is  not  sufficient  for  the  execution  of  the  working  draw- 
ings that  the  dranghtsman  shoold  be  acqoiunted  with  the 
ordinary  principles  of  geometric  projection.  He  mnst  also 
be  thoronghly  conv^-sant  with  perspectlye,  and  with  the 
principles  of  chiascnro,  or  light  and  shade,  or  he  will  work 
at  random,  as  the  geometrical  projections  which  are  required 
for  the  use  of  the  workman  giye  a  very  fiilse  idea  of  the 
effect  the  work  will  have  in  execution. 

Sll.  Working  drawings  maj  be  divided  under  three 
heads,  yiz. : — ^Block  plans,  Oeneral  drawhigs,  and  Detail 
drawing^ : 

I.  Block  plans, — ^These  show  the  outline  only  of  the  in- 
tended building,  and  its  position  with  regard  to  surrounding 
objects.  They  are  drawn  to  a  small  scale,  embracing  the 
whole  area  of  the  site,  and  on  them  are  marked  the  existing 
boundary  walls,  sewers,  gas  and  water  mains,  and  all  the 
new  walls,  drains,  and  water-pipes,  and  their  proposed  con- 
nection with  the  existing  ones,  so  that  the  builder  may  see 
at  a  glance  the  Actent  of  his  operations. 

A  well-digested  block  plan,  with  its  accompanying  levels^ 
showing  the  heights  of  the  principal  points,  the  fi^  of  the 
drains,  &c.,  is  one  of  the  first  requisites  in  a  complete  set  of 
working  drawings. 

II.  General  Drawings, — These  show  the  whole  extent  of 
the  buQding,  and  the  arrangement  and  connection  of  the 
different  parts  more  or  less  in  detail,  according  to  its  size 
and  extent.  These  drawings  consist  of  Flans  of  the  founda- 
tions, and  of  the  different  stories  of  the  building,  and  of  the 
roofs  ;  Elevations  of  the  different  fronts  ;  and  Sections  show- 
ing the  heights  of  the  stories,  and  such  constructive  details 
as  the  scale  will  admit  of.  These  drawings  are  carefully 
figured,  the  dimensions  of  each  part  being  calculated,  and 
its  position  fixed  by  reference  to  some  well-defined  line  in 
the  plans  or  elevations,  the  position  of  which  admits  of  easy 
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Fig.  106 


yerification  in  all  stages  of  the  work.  This  is  best  done  by 
rnling  faint  lines  on  the  drawings,  through  the  principal 
divisions  of  the  design,  as  shown  in  fig.  106,  where  the  plan 
and  elevation  are  divided  into  compartments,  by  lines  pass- 
ing throngh  the  centres  of  the  columns,  from  which  all  the 
dimensions  are  dated  each  way.  These  centre  lines  are,  in 
the  execution  of  the  work,  kept  constantly  marked  on  the 
walls  as  they  are  carried  up,  so  that  they  are  at  all  times 
available  for  reference. 

By  this  means,  the  centre  lines  having  been  once  carefully 
marked  on  the  building,  any  slight  error  or  variation  from 
the  drawings  is  confined  to  the  spot  where  it  occurs,  instead 
of  being  carried  forward,  as- is  sometunes  the  case,  to  appear 
only  when  correction  is  as  desirable  as  it  is  impossible. 

The  use  of  these  centre  lines  also  saves  much  of  the  labor 
of  the  draughtsman,  as  they  form  a  skeleton,  of  which  only 
so  much  need  be  filled  up  as  may  be  required  to  show  the 
design  of  the  work. 

III.  Detailed  Drawings, — ^These  are  on  a  large  scale, 
showing  those  details  of  construction  which  could  not  be 
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ezplabed  in  the  general  drawiiigs,  sach  as  the  framing  of 
floors,  partitions,  and  roofs,  for  the  use  of  the  carpenter  ; 
the  patterns  of  cast-iron  girders  and  story  posts  for  the  iron* 
founder ;  decorative  details  of  columns,  entablatores,  and 
cornices,  for  the  carver ;  the  requisite  details  being  made 
out  separately,  as  far  as  possible,  for  each  trade  ;  which 
arrangement  saves  much  time  that  would  otherwise  be 
wasted  in  referring  from  one  drawing  to  another,  and,  which 
b  still  more  important,  insures  greater  accuracy,  from  the 
workman  understanding  better  tHe  nature  of  his  work. 

In  making  the  detailed  drawings  every  particular  should 
be  enumerated  that  may  be  required  for  a  perfect  under- 
standing of  the  nature  and  extent  of  the  work.  Thus,  in 
preparing  the  drawings  for  the  iron-founder,  every  separate 
pattern  should  be  drawn  out,  and  the  number  stated  that 
will  be  required  of  each. 

This  principle  should  be  attended  to  throughout  the  whole 
of  the  detailed  drawings,  as,  in  the  absence  of  such  data,  it 
is  very  difficult  to  prepare  correct  estimates  for  the  execu- 
tion of  the  work,  without  devoting  more  time  to  the  study 
of  the  drawings  than  can  generally  be  obtamed  for  that 
purpose. 

8PECIF1CATI0K. 

812.  The  drawings  being  completed,  the  architect  next 
draws  up  the  specification  of  the  intended  works.  This  is 
divided  under  two  principal  heads — 1st,  the  conditions  oi 
the  contract ;  and,  2d,  the  description  of  the  work. 

The  title  briefly  states  the  nature  and  extent  of  the  wcAb 
to  be  performed,  and  enumerates  the  drawings  which  are  to 
accompany  and  to  form  part  of  the  written  specification. 

313.  Conditions  of  Conlra€i, — ^Besides  the  special  clanses 
and  provisions  which  are  required  by  the  particular  cireom* 
stances  of  each  case,  the  following  claoses  are  inserted  is  all 
ifieci&Bations : 


L  Ike  works  sre  to  be  executed  to  the  faU  intent  and 
meaning  of  the  drawings  and  specification,  and  to  the  8ati»' 
faction  of  the  architect. 

2.  The  contractor  to  take  the  entire  charge  of  the  works 
doring  their  progress,  and  to  be  responsible  for  all  losses 
nd  accidents  until  their  completion. 

S.  The  architect  is  to  have  power  to  reject  all  hnproper 
materials  or  defective  workmanship,  and  to  have  fall  control 
over  the  execotion  of  the  works,  and  free  access  at  all  times 
to  the  workshops  of  the  contractor  where  anj  work  is  being 
prepared. 

4.  Alterations  in  the  design  are  not  to  vitiate  the  con- 
tract, bat  all  extra  or  omitted  works  are  to  be  measured 
and  valued  according  to  a  schedole  of  prices  previonsly 
agreed  upon. 

5.  The  amount  of  the  contract  to  be  paid  bj  Instalments 
as  the  works  proceed,  at  the  rate  of  —  per  cent,  on  the 

amount  of  work  done,  and  the  balance  within from 

the  date  of  the  architect's  final  certificate. 

Lastlj.  The  works  are  to  be  completed  withiif  a  stated 
time,  under  penalties  which  are  enumerated. 

914.  7^  description  of  the  works  details  mhmtelj  the 
quality  of  the  materials,  and  describes  the  manner  in  which 
every  portion  of  Uie  work  is  to  be  executed,  the  fulness  of 
the  description  depending  on  the  amount  of  detailed  infor- 
mation conveyed  by  the  working  drawings,  care  being  taken 
that  the  drawings  and  specification  should,  together,  contain 
every  particular  that  is  necessary  to  be  known  in  order  to 
make  a  fiaur  estimate  of  the  value  of  the  work. 

315.  The  diief  merit  of  a  specification  consists  in  the  use 
of  clear  and  explicit  language,  and  in  the  systematic  arrange- 
ment of  its  contents,  so  that  the  description  of  each  portion 
<tf  the  work  shall  be  found  in  its  proper  place ;  to  facflitale 
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Nferenoe,  eyerj  danae  should  be  numbered  and  have  a 
ginal  reference  attached,  and  a  copioos  index  shoold 
panj  the  whole. 


BILLS   OF   QUANTITIES. 

316.  The  snryejor,  being  famished  bj  the  architect  with 
the  drawings  and  specification,  proceeds  to  take  ont  the 
qnantities  for  the  use  of  the  parties  who  propose  to  tender 
for  the  execution  of  the  work.  This  is  done  in  the  same 
way  that  work  is  measured  when  executed,  except  that  the 
measurements  are  made  on  the  drawings  with  a  scale  instead 
of  on  the  real  building  with  measuring  rods. 

317.  In  taking  ont  quantities  there  are  three  distinct 
qierations  :  1st,  taking  the  dimensions  of  the  seyeral  parts 
of  the  work,  and  entering  them  in  the  dimension  book  ;  Sdlj^ 
working  out  the  quantities,  and  posting  them  into  the 
columns  of  the  abstracts,  which  is  called  absiracting ;  Sdlj, 
casting  up  the  columns  of  the  abstracts,  and  bringing  the 
quantities  into  bill. 

318  The  dimension  book  is  ruled,  and  the  dimensions 
entered  as  in  the  following  examples  : 


N«. 

DimexuiSoii. 

Qoantitj. 

DescripUon. 

16 

ft.     In. 

14    0 
0  10 
0    2K 

ffb.   in. 
38  10 

(  Memel  fir  framed  joists  to 
(     front  room  groand  floor. 

In  this  example  the  work  measured  consists  of  sixteen 
joists  ;  each  14  ft.  long  and  10  in.  deep  and  2|  in.  thick ; 
and  the  total  quantity  of  timber  they  contain  amounts  to  88 
ft.  10  in.  cube. 
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naMukML 

NcofbrickB 
intlilckn««. 

QOMltftj. 

a     In. 

20    6 
11    6 

■      2K 

ft.     in. 
235    9 

)  Stock  brickwork  in  mor- 
tar to  front  wall,  from 
footings  to  Ist  oetrofL 

319.  In  preparing  the  abstract  for  each  trade,  the  rar- 
Tejor  looks  over  his  dimensions  to  see  what  articles  he  will 
haye,  and  roles  his  paper  into  cdamns  accordingly,  writing 
the  proper  heads  over  each. 

The  principal  point  to  be  attended  to  in  abstractii^  quan- 
tities is  to  preserve  a  regnlar  rotation  in  arranging  the  dif- 
ferent descriptions  of  work,  so  that  eyerj  article  may  at 
once  be  found  on  referring  to  its  proper  place  in  the  abstract. 

No  fixed  mles  can  be  given  on  this  head,  as  the  form  of 
abstract  is  different  for  every  trade,  and  mnst  be  varied  ao- 
cording  to  circmnstances  ;  bat,  as  a  general  principle,  arti- 
cles of  least  valne  should  be  placed  first.  Solid  measure 
should  take  precedence  of  superficial,  and  superficial  of  lin- 
eal, and  miscellaneous  articles  should  come  last  of  all  j  or, 
in  technical  terms,  the  rotation  should  be,  1st,  cubes  ;  2nd, 
supers. ;  3rd,  runs  ;  and,  lastly,  miscellaneous. 

320.  In  bringing  the  quantities  into  bill,  the  same  rota* 
tion  is  to  be  observed  as  in  abstracting  them,  care  being  ta- 
ken that  every  article  is  inserted  in  its  proper  place,  so  that 
it  may  readily  be  found  in  the  bill. 

The  limits  of  this  volume  prevent  our  going  into  much  de- 
tail on  the  subject  of  builders'  accounts,  and  we  must  there- 
fore confine  ourselves  to  laying  before  the  reader  a  skeleton 
estimate,  which  will  give  him  a  tolerable  idea  of  the  manner 
in  which  the  several  kinds  of  artificers'  work  are  abstracted 
and  brought  into  bill. 

321.  Estimate  for  the  Erection  of at ,  for 

,  according  to  Specification  and  Drawings  numbered 

1  to  — ^  prepared  by  ,  Architect  (Date.) 


Ui 


Kfoomns  OF  m 


9*.  ft. 

-    -  «»i*Exc»v»tion   to  fonndatioDB, 
(inclading  ooffistdams, 
pumpii^,  &C.)  .        .        .^t  — I 
OoDerete 


ft.    It. 


Mt   f  ML     Ite. 


n<i.  ft. 


Timber  in  piles  driven  —  ft. 
through,  (describe  the  ma- 
terial,) incladinr  ringing, 
shoeing  and  driTiog,  bat 
not  ironwork    . 

Do.  in  64n.  plaining,  spiked 
to  pile-heads     .        . 

Wrought  Iron    in  ihoei  to 

Total  of  fonndatioM  to  be 
carried  to  sommarj 

Brioklatxr. 


Bout. 


i^^  ft 


Jii.   ft. 


ft*    ki. 


Bedveed  brickwork  in 

ttar lat  — 1 
sduced  brickwork  in  ce- 
ment 
ling  (describing  the  kind, 
whether  plain  or  pantiling, 
if  single  or  doable  laths. 
Ac,  &c)  .... 

Bricknogmg  to  partitions  . 
FaTing,  (of  varioofl  deecrip- 

tions)        .... 

And  all  other  articles  val- 
Md  per  yard  soperficiai. 


Ganjje  arches 

Pacings  (with  superior  des^ 

cription  of  bricks,  tpecifr< 

in^f  the  quality)         . 

Cutting  to  arches  or  splays  ! 

And  all  other  work  vahied 

by  the  foot  superficial. 

Bwrel  or  other  drains  (speci- 

'    fyingsiae,  Ac)  .        .        ^ 

^^lUTied  forwaid 
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Broi^t  ft)rwawl  . 

Tile  creasing 

And  all  other  articles  yal- 

ned  by  ranning  measure. 

Hm.  Chimney  pots,  each  ;  bedding 

and  pointing  sash  and  door 

frames,  each  ;  and  all  mm- 

oellaneoas  articles 

Total  of  bricklayers'  work 

to  be  carried  to  samma- 

ry    .       •        .       . 


f6B.  a 


II.     ia. 


at  — 


in 


—     ^m  lapL 


Mabok. 

Bubble  walling    . 
HaomieivdresBed  walling 
random  courses 

Stone  (describing  the  kin^^ 

Labor  on  above   (as  plain 

work,  sunk,    moulded 

circular  work)  . 
Hearths,  pavings,  landings, 

Sec,   beginning    with  the 

thinnest    . 
Marble  slabs,  beginning  with 

the  thinnest  and  inferior 

qualities   . 
Window  sills,  curbs,  steps, 

copings,  &c.      . 
Joggle  joints,  chases,  Ac 
Vofl.  Mortices  and  rail  holes,  &c. — 

dowels,  cramps,  and  other 

articles  numbered     . 

Total  of  masons'  work  to  be 
carried  to  summary 


at  — 


—     -•   anpl. 


Garpbnter  ajtb  Joihbb. 

Labor  and  nails  to  rooh, 
floors,  or  quarter  partitions  at  — 

Battenings  and  boardings  ac- 
cording to  descriptioii 

Carried  forwsid  • 


Theo  oak,  aad  saperior  de- 
scriptions of  Umber,  in 
the  same  way. 

Then  the  snperfieial  work, 

—  -^  rapL  >^-in.  deal  roogh  linings,  and 
so  on  with  the  di&rent 
thicknesses  of  deals  accord- 
ing to  the  labor  on  them ; 
arranjpng  them  according 
to  their  wickness,  and  tfale 
amount  of  labor  on  them, 
beginning  with  the  thin- 
nest   

Then  oak  plank  or  mahog- 
any in  tne  same  way. 
Then  take  the  framed  work, 

l>^-in.  deal  square-framed  in- 
closure  to  dosets,  and  so  on 
with  the  rest  of  the  framed 
work,  as  doors,  shutters, 
sashes,  frames,  &c.,  accord 
ing  to  description  . 
T&en  the  work  valued  by 
running  measure,  as— 

2)^-in.    Spanish    mabogany 
moulded,  grooved,  and  bea- 
ded handiail 
Then  the  numbers,  as — 
Hofl^Mitred  and  turned  caps,  fix- 
ing iron  balusters,  &c. 

Carried  forward  • 


4^  ^  BVDIKBIITB  OF  THB 

Oabpbitbe  ft  Jomsy  amtknusd. 

Floors,  according  to  descrip- 
tion, beginning   with   the 
inferior  and  ending  with  at  —  ' 
the  best  descriptions 
And  so  on  for  all  work 
^    ^  valued  by  the  square. 

t«b0|B£emel  fir,  according  to  des- 
cription, as  fir  bond,  fir 
framed,  wrought  and  fram- 
ed, wrought,  framed,  and 
rebated,  £0. 

Do.  proper  door  and  window 


0t9 
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GABPBKTni  &  JoiKBB,  co/Uinuid. 


Brought  forward  . 
Lastly  —  The  Ironmongery, 
eyery     article    of    which 
flhoiUd  be  carefully  describ- 
ed. 

Total  of  carpenter  and 
joiners'  work  to  be  car- 
ried to  summary    . 


■qn.  flu 

—       —    Mpl, 


ft.      in. 


N08. 


Slater. 

GountesSy  or  any  other  kind 
of  slating,  according  to  de- 
BcripUon  .        .        .        .Jat  — 
Then  slate  slab,  as- 

Inch  shelves,  rubbed  one  side, 
beginning  with  the  slabs  of 
least  thickness,  and  arrang- 
ing them  according  to  the 
labor  bestowed  on  them 
Then  the  work  valued  by 
running  measure,  as — 

Patent  saddle-cut  slate  ridge 
Lastly — the  numbers. 

Holes,  cut,  &c.     . 

Total  of  slaters'  work  to  be 
carried  to  summary 

Plastsreb. 


First  the  superficial  quan- 
jdA.  ft.  tity  of  plastering,  as— 

—  ~  ■npi.  Bender  float  and  set  to  walls, 
beginning  with  the  com- 
monest, and  proceeding 
through  the  different  de- 
scriptions of  two  and  three 
coat  work,  up  to  the  stuc- 
coes and  superior  work  .  at  ^ 
Then  the  whitewashing,  dis- 
tempering, &c. . 
Next  the  run  of  cornices, 
architrave,  reveals,  &c., 


Garried  forward 

38 


II      DoLLfl. 

On. 

458 
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BUDIMfiNTS  or  THl 

Plaateris,  contmued. 


Broaght  forward . 
Pliun   cornice   to    drawing- 
room,  14  in.  girt 
And  lastly  the  numbers, 


Not 


tai.  et  qn.  lb, 


4  mitres,  1  centre  flower,  30 
in.  diameter,  &c.,  &c. 
Total  of  plasterers'  work  to 
be  carried  to  summary  . 

SUTH  AND  IbON-FoUNOEB. 

Begin  with  the  cast-iron, 


jda.    II. 


Km 


Cast-iron  in  No.  4  girders, 
including  patterns,  paint- 
ing, and  fixing  . 
N.  B.— State  the  No.  of 

patterns. 
Then  the  smaller  castings, 


Bailings,  balconies,  column? 

&C. 

Then    the   wrought   iron, 


at  — 


—  —  —  —Wrought  iron    in    chimney 

bars,  straps,  screw  bolts, 

railings,  &c.      . 

Then  the  articles  sold  by 

runn  ing  measure,  as — 
Cast-iron      gutters,    watei^ 

»ipes,  &c. 

^Astly,  the  numbers,  as- 
Stoves,  coal-plates,  stable^t^ 

tings,  &c. . 

Total  smith  and  iron-foun 
ders'  work  to  be  carried 
to  summary  . 

BSLL-HANOEB. 

Number  the  bells,  and  de- 
scribe the  mode  of  hang- 
ing, as— 

Carried  finwaM  . 
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ewt.  qn  n». 


fli.       fn. 

—     —    rim. 


Not. 


Bkll-hanoeb,  eontimttd. 

Brought  forward . 

—  bells  hong  with  copper 
wires  in  concealed  tin 
tubes,  with  bells,  craoks, 
aod  wires  complete   . 

And  then  enumerate  the  or- 
namental furniture  to  the 
different  pulls    . 

Total  of  bell-hangers'  work 
to  be  carried  to  summa- 
ry 

Flumbsb. 

Cast  lead  laid  in  gutters, 
hips,  ridges,  flats,  cisterns, 
&c. ;  including  all  solder, 
wall  hooks,  nails,  &c.        .  *t  — 

Milled      do.        ^o. 
Then    socket,  rain-water, 
funnel  pipes,  and  other 
work  valued  by  the  line- 
al foot,  as — 

Inch  drawn  pipes 
Lastly  the  numbers. 

Joints,  plugs,  and  washers, 
air  traps,  brass  grates, 
cocks,  copper  balls,  pumps, 
water  closets,  apparatus, 
&c.  . 


ydi.     ft. 
—     —  lapl. 


Total  of  plumbers*  work  to 
be  carried  to  summary 

Paintbb. 

Of  painting,  according  to  de- 
scription, specifying  the 
number  of  oils,  and  wheth- 
er common  or  extra  colors, 
beginning  with  the  work 
in  fewest  coats,  and  finish- 
ing with  the  most  expen- 
uve  descriptions 


DMAfl. 


Oarried  forward . 


400 


—    —    iifl»-Bk; 


ft.      in. 

—     —  snpl. 


T*i 

ft. 

mipl 

ft. 

in. 

yd.. 

ft. 

run 
No.. 
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Pawtxs,  continued. 


Brought  forward  . 
Then  the  ranning   work, 


at  — 


irtings,    plinths,    window 
siUs,  &c.  . 

Lastly  the  nambers,  a 
Ko..|Frame8,    squares,     chimney 
pieces,  &c. 

Total  of  painters'  work  to 
be  earned  to  summary 

Glazier. 

Glazing,  according  to  de- 
scription, specifying  size  of 
squares,  and  quality  of 
glass  .... 
Then,  the  stained  and  other 
ornamental  glass ;  and, 
lastly,  the  plate  gloss. 


Total  of  glazier's  work  to 
be  earned  to  summary  . 

Papeb-hanobb  k  Dbooratob. 

Distempering,  according  to 
description        .        .        .at  — 

Scagliola  slabs       do.  . 

Gold  mouldings    . 

Pieces  of  paper  hung,  ac- 
cording to  description,  in- 
cluding preparing  walls — 
Hanging,  lining,  paper, 
and  punucing  do. 

Dozen  of  borders  . 

Total  of  paper-hanger  and 
decorator's  works  to  be 
cairied  to  summary 


DOLM. 

1 

Gte 

,.,. 
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Temporary  fencings — ^watching  and  light- 
ing works        .        .        r^       . 
Office  for  clerk  of  works  .      ' . , 
District  surveyor's  fee     .        .        . 
Fire  insurance         .... 
Sunreyor's  charge  for  bills  of  qoantities 

Total  sondries  to  be  carried  to  summary 

SuxxABT  OF  Bills. 


Foundations    ... 

Bricklayer 

Mason     .... 

Carpenter  and  joiner 

Slater     .... 

Plasterer 

8mitk  and  iron-founder  . 

Bell-hanger     .        .        .        , 

Plumber,  painter,  and  glazier 

Paper-hanger  and  decorator 

Sundries 


Total  amount  of  estimate 


322.  The  surveyor  furnishes  the  builder,  whose  tender  is 
accepted,  with  copies  of  the  drawings  from  which  the  quan- 
tities have  been  taken  oflf. 

By  reference  to  these,  the  builder  can  at  all  times  satisfy 
himself  that  the  detailed  drawings,  furnished  for  the  exo- 
cution  of  the  work,  contain  nothing  beyond  what  he  has  con- 
tracted for. 

Copies  of  the  drawings  and  specification  are  attached  to 
the  contract  deed,  and  are  signed  by  the  builder  and  otiier 
parties  respectively  concerned. 

323.  It  scarcely  ever  happens  that  a  large  undertaking 
can  be  carried  into  execution  without  considerable  departure 
from  the  contract  designs,  especially  in  the  matter  of  found- 
ations and  underground  work  ;  the  exact  nature  and  extent 
of  which  must  often  be  uncertain  until  the  works  are  com- 
menced. 
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To  proTidcf  for  these  contingeflclcs  without  setting  aside 
the  contract,  the  builder's  estimate  is  accompanied  by  a 
schedule  of  prices  at  which  he  undertakes  to  execute  any 
additional  work  that  may  be  r^nired,  or  to  value  any  work 
that  may  be  omitted.  This  schedule  should  be, carefully 
drawn  out,  so  that  there  shall  be  no  dispute  as  to  its  mean* 
ing  ;  thus,  under  the  head  of  brickwork,  it  should  be  clearly 
understood  whether  centering  is  included  in  the  price  named, 
or  whether  it  is  to  form  an  additional  charge  ;  with  iron- 
founders'  work,  whether  the  price  includes  patterns  ;  and  so 
on  with  every  description  of  work. 

324.  Architects  are  remunerated  by  a  commission  of  5 
per  cent,  on  the  amount  expended  under  their  direction,  be* 
sides  traveling  expenses,  salary  of  the  clerk  of  the  works,  and 
occasionally  other  charges,  according  to  curcumstances.^ 
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WOODS    OP   NORTH    AMERICA. 


1.  Miet  alba,  or  white  spruce ;  weighs  23  lbs.  13  oz.  per  cubic 
foot;  specific  gravity,  .381. 

2.  Abies  canadensis,  or  hefalock-spmoe ;  common  in  Upper 
Canada ;  weighs  23  lbs.  0  oz.  per  cubic  foot,  and  has  a  specific 
gravity  of  .36a 

3.  Acer  eriocarjmm,  or  soft  maple ;  common  in  Upper  Canada ; 
weighs  36  lbs.  14  oz.,  and  has  a  specific  gravity  of  .590. 

All  the  above  are  used  in  carpentry. 

4.  Acer  negrundv,  or  box-«lder,  ash-leaved  maple ;  common  in 
the  United  States ;  weighs  24  lbs.  per  cubic  foot,  and  has  a  specific 
gravity  of  .384. 

5.  Acer  rubrunif  or  red  maple ;  common  in  the  United  States ; 
weighs  38  lbs.  5  oz.  per  cubic  foot — has  a  specific  gravity  of  .613.' 

6.  Ascer  saccharinum,  or  sugar  mable ;  common  in  the  United 
States ;  weighs  38  lbs.  6  oz.  per  cubic  foot,  and  has  a  specific 
gravity  of  .614. 

7.  Ascer  saccliarinum,  or  bird's-eye  maple ;  common  in  Upper 
Canada;  used  in  ornamental  work  by  carpenters  and  joiners;  weighs 
40  lbs.  15  oz.  per  cubic  foot,  and  has  a  specific  gravity  of  .655. 

8.  Curly  maple ;  common  in  Upper  Canada ;  used  in  common 
carpentry  work ;  has  a  specific  gravity  of  .586,  and  weighs  36  lbs. 
10  oz.  per  cubic  foot. 

9.  Ilard  maple ;  also  common  in  Upper  Canada ;  weighs  39  lbs. 
per  cubic  foot,  and  has  a  specific  gravity  of  .634. 

10.  Betula  nigra,  or  black  birch  ;  common  in  Upper  Canada ; 
is  much  used  for  ship-building  in  Canada  and  Nova  Scotia,  but 
is  not  a  durable  wood ;  it  weighs  35  lbs.  7  oz.  per  cubic  foot,  and 
has  a  specific  gravity  of  .567. 
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11.  Bircb ;  an  inferior  wood — comm<»  in  Canada  and  the  North- 
ern States ;  weighs  30  lbs.  11  oz.  per  cubic  foot,  and  has  a  specific 
gravity  of  .491. 

12.  Batter  wood ;  nsed  in  ship-baiJding  ;  has  a  specific  giayitj 
of  .460,  and  weighs  28  lbs.  12  oz.  pit  cubic  foot. 

13.  Carya  porcina^  or  pignut  hickory ;  common  in  the  United 
States;  is  the  strongest  and  best  kind  of  hickory;  it  weighs  49  Iba. 
8  08.  per  cubic  foot,  and  has  a  specific  gravity  of  .690. 

14.  Can^  sulcata,  or  shell-bark  hickory ;  common  in  the  United 
States ;  weighs  43  lbs.  2  oz.  per  cubic  foot,  and  has  a  specific 
gravity  of  .690. 

15.  Hickory ;  common  in  the  United  States ;  weighs  47  lbs.  8  os. 
per  cubic  foot,  and  has  a  specific  gravity  of  .760. 

16.  Castanea  vesca,  or  chesnut ;  common  in  the  United  States; 
has  a  specific  gravity  of  .404,  and  weighs  25  lbs.  4  oz.  per  cubic 
foot.  , 

17.  CeUis  crassifdiaj  or  hack  berry ;  is  a  tough  and  elastic 
wood,  weighing  38  lbs.  6  oz.  per  cubic  foot,  and  has  a  specific 
gravity  of  .614. 

18.  Cerasus  virgindana,  or  wild  cherry ;  common  in  the  United 
States ;  the  bark  is  used  medicinally ;  has  a  specific  gravity  of  .515, 
and  weighs  32  lbs.  3  oz.  per  cubic  foot. 

19.  Cerasus  canadensis,  or  red  bud,  Judas  tree ;  a  close-grained 
and  compact  wood,  having  a  specific  gravity  of  .535,  and  weighs 
33  lbs.  7  oz.  per  cubic  foot. 

20.  Camus  florida,  or  dog-wood;  a  hard,  close-grained,  and 
strong  wood,  weighing  47  lbs.  4  oz.  per  cubic  foot,  and  having  a 
specific  gravity  of  .756. 

21.  Cupressus  disticha,  or  cypress ;  common  in  the  United 
States;  grows  to  an  immense  size;  is  much  used  for  shingles;  weighs 
22  lbs.  13  oz.  per  cubic  foot,  and  has  a  specific  gravity  of  .365. 

22.  JOiospyivs  rirginiar.a^  or  persimon ;  a  hard,  close^ained 
wood ;  weighs  44  lbs.  6  oz.  per  cubic  foot,  and  has  a  specific  gravity 
of  .710. 

23.  Fagus  americana,  or  white  beach ;  common  in  the  United 
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States ;  is  used  in  dry  carpentry ;  weighs  42  lbs.  11  oz.  per  eubio 
foot,  and  has  a  specific  gravity  of  .674. 

24.  Fagits  ferruginea^  or  beech ;  common  in  Upper  Canada, 
used  in  dry  carpentry  ;  the  wood  has  a  more  rufous  tint  of  color 
than  common  beech ;  it  weighs  36  lbs.  9  oz.  per  cubis  foot,  and 
has  a  specific  gravity  of  .585. 

25.  Frgxinta  americanw,  or  American  ash;  weighs  35  lbs. 
10  oz.  per  cubic  foot,  and  has  a  specific  gravity  of  .570  ; — is  tough, 
and  elastic. 

26.  White  ash  ;  weighs  30  lbs.  14  oz.  per  cubic  foot,  and  has  a 
specific  gravity  of  .494. 

27.  Gleditschia  tricuxmthus,  or  honey  locust :  is  a  very  hard 
wood  and  splits  easily,  having  a  specific  gravity  of  .646,  and 
weighing  40  lbs.  6  oz.  per  cubic  foot. 

28.  Gymnocladus  canadensis,  or  coffee  tree ;  is  a  hard,  compact, 
strong,  and  tough  wood,  having  a  specific  gravity  of  .647,  and 
weighing  40  lbs.  7  oz.  per  cubic  foot. 

29.  Juglans  alba,  or  hickory ;  has  a  specific  gravity  of  .770,  and 
weighs  48  lbs.  2  oz.  per  cubic  foot. 

30.  Juglans  cinerea,  or  butternut ;  has  a  specific  gravity  of 
from  .376  to  .487,  and  weighs  from  22  to  30  lbs.  per  cubic  foot. 

31.  White  walnut. 

32.  Juglans  nigra,  or  black  wahiut ;  weighs  28  lbs.  15  oz. 
per  cubic  foot,  and  has  a  specific  gravity,  of  .483  It  is  a  strong 
and  tough  wood,  not  liable  to  split,  and  is  much  used  in  carpentry 
work. 

33.  Juniperus  bermudiana,  or  red  or  pencil  cedar ;  is  used  in 
ship-building  and  for  making  pencils. 

34  The  Yirginia  cedar  is  used  for  the  same  purpose,  but  is  not 
considered  as  good  as  that  from  Bermuda. 

35.  Larix  americana,  or  hackmatack  ;  much  used  and  esteemed 
in  British  North  America  for  ship-building ;  has  a  specific  gravity 
of  about  .600,  and  weighs  about  36  lbs.  per  cubic  foot. 

36.  The  tamarack  is  a  wood  much  used  for  ship-building  in 
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British  North  America ;  it  has  b  specific  gnyitj  of  .988,  and 
weigh  23  lbs.  15  oz.  per  cabic  foot. 

37.  Cedar.— The  samples  at  the  World's  Pair  had  a  spedBo 
gravity  of  from  .294  to  .314,  and  weighed  from  18  lbs.  6  oz.  to 
19  lbs.  10  oz.  per  cubic  foot. 

38.  Liriodenron  ttdipifera,  or  yellow  poplar;  is  common  in 
the  United  States ;  has  a  specific  gravity  .287,  and  weighs  24  lbs. 
8  oz.  per  cubic  foot 

39.  Mortis  rvhraj  or  red  mulberry ;  weighs  35  lbs.  1  oz.  per 
cubic  foot,  and  has  a  specific  gravity  of  .561. 

40.  Nyssa  MuUifiora,  or  black  gum,  or  sour  gum  ;  weighs  40 
Iba.  6  oz.  per  cubic  foot,  and  has  a  specific  gravity  of  .646. 

41.  Ostrya  virginiea,  or  iron  wood ;  weighs  48  lbs.  11  oz.  per 
cubic  foot,  and  has  a  specific  gravity  of  .779. 

42.  Piua  halsamm,  or  balsam ;  is  used  in  carpentry ;  has  a 
specific  gravity  of  .304,  and  weighs  19  lbs.  per  cubic  foot. 

43.  Finns  mitis^  or  yellow  pine ;  has  a  specific  gravity  of  .376, 
and  weighs  23  lbs.  8  oz.  per  cubic  foot. 

44.  Pinus  resinosa,  or  American  red  pine ;  is  used  in  carpentry ; 
weighs  26  lbs.  11  oz.  per  cubic  foot,  and  has  a  specific  gravity  of 
.427. 

45.  Bed  Pine ;  is  a  strong  wood  used  in  carpentry ;  has  a  specific 
gravity  of  .455,  and  weighs  28  lbs.  7  oz.  per  cubic  foot. 

46.  Pinus  rigida,  or  pitch  pine ;  is  a  strong  wood,  weighing 
32  lbs.  per  cubic  foot,  and  having  a  specific  gravity  of  .512. 

47.  Platanus  occiderUalis,  or  button-wood,  or  sycamore ;  is  much 
used  for  making  beadsteads ;  has  a  specific  gravity  of  .424,  and 
weighs  26  lbs.  8  oz.  per  cubic  foot. 

48.  Popuius,  or  poplar ;  is  a  light,  inferior  wood. 

49.  Cherry  wood ;  weighs  29  lbs.  15  oz.  per  cubic  foot,  and  haa 
a  specific  gravity  of  .479. 

50.  Quebec  oak ;  is  much  used  for  ship  building,  but  is  not  dur- 
able. 
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51.  Quercui  aUfOf^T  white  oak ;  weighs  40  lbs.  per  cabio  foot, 
and  has  a  specific  gravity  of  .64. 

62  Quercus  rvbra,  or  red  oak ;  weighs  32  lbs.  2  os.  per  cabio 
foot,  and  has  a  specific  gravity  of  .514. 

53.  Quercus  tinctoria,  or  black  oak ;  weighs  34  lbs.  13  oz.,  and 
has  a  specific  gravity  of  .558. 

54.  Quercus  virens,  or  live  oak ;  is  the  heaviest  and  hardest  of 
the  oaks ;  has  a  specific  gravity  of  .100,  and  weighs  56  lbs.  4  oz. 
per  cubic  foot 

55.  Robinia  pseud  acacia,  or  locost,  or  treenail;  so  called 
because  used  principally  for  treenails. 

56.  Sassafras  officinale,  or  sassafras  tree. 

57.  Tilia  americana,  or  bass-wood ;  is  even  in  grain,  weighs  25 
lbs.  per  cubic  foot,  and  has  a  specific  gravity  of  .400. 

58.  JJlmus  americana,  or  elm ;  weighs  36  lbs.  11  oz,  per  cabio 
foot,  and  has  a  specific  gravity  of  .587. 

59.  Bed  elm — ^used  by  wheelwrights. 

60.  White  elm. 

61.  Bock  elm. 

62.  Swamp  elm.    These  elms  are  all  quite  similar. 

63.  Quebec  rock  elm,  or  wych  hazel ;  used  in  ship-building  in 
Canada ;  has  a  specific  gravity  of  .546,  and  weighs  34  lbs.  2  oz. 
per  cubic  foot. 

64.  Uvaria  triloba,  or  paw  paw ;  weighs  51  lbs.  6  oz.  per  onbic 
foot,  and  has  a  specific  gravity  of  .359. 


RONS. 

13  cubic  feet  of  marble  weigh  1  ton. 
13>^  feet  of  granite  weigh  1  ton. 
The  following  table  is  from  Dobson  >— 
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WEIGHT  OF  TIHB^B. 

84  cubic  feet  of  Mahogany  weid|  one  too. 

89      "       •  "       Oak,               "^  - 

US       **          **       Aah,                "  •• 

61       "          "      Beech,             "  « 

60      "          «       Elm,                ••  « 

«6      "          «       Rp,                  *  • 


WAqps. 
The  price  of  labor  in  different  portions  of  the  United  States, 
Ttries  more  than  three  hundred  per  cent 

WEIGHT  OF  EARTH. 

18  cubic  feet  of  chalk  weigh  one  ton. 

17  '•  "      clay 

18  "  "  night  8oU  « 
21f  "  "  gravel  " 
28i    "          "      sand               •* 

TIUN6. 

A  square  of  psntiling  requires  one  handle  of  laths  aod  i  hun- 
dred of  sixpenny  nails. 

A  square  of  plain  tiliug  reqmres  one  bundle  of  laths,  one  peck 
of  tile  pins,  and  three  hods  of  mortar. 

There  are  12  pantile  Uiths  in  a  bundle ;  30  bundles  make  a  load. 

MORTAR. 

A  cubic  yard  of  mortar  requires  nioe  bushels  of  lime  and  one 
load  of  sand. 

Dme  and  sand,  and  likewise  cement  and  sand,  lose  one  third  of 
their  bulk  when  made  into  mortar. 

The  proportion  of  mortar  or  cement,  when  made  up,  to  the  lime 
or  cement  and  sand  before  made  up,  is  as  2  to  3. 

lime  or  cement  and  sand  to  make  mortar,  require  as  much 
water  as  is  equal  to  one  third  of  their  bulk. 

A  cubic  yard  of  concrete  requires  34  cubic  feet  of  material ;  or 
if  the  gravel  is  to  the  lime  as  0  to  1,  a  cubic  yard  of  concrete 
wiU  require  one  cubic  yard  of  gravel  and  sand,  and  three  bushels 
of  lime. 
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